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The  work  deals  with  amperometrlc  and  polarographlc  studies  of  antiradiat¬ 
ion  drugs  and  consists  of  three  parts.  Part  I  deals  with  amperometric  mercuri- 
metric  and  argentimetric  titrations  of  mercaptoethylguanidine,  mercaptopropyl- 
guanidine  and  mercaptoethylamine  at  the  rotated  platinum  electrode  as  indicator 
electrode.  Procedures  are  given  which  allow  the  accurate  titration  of  these 
three  compounds  with  mercuric  chloride  as  titrating  agent,  Argentimetric 
titrations  are  considerably  more  complex  with  respect  to  the  reactions  involved 
and  to  the  surface  conditions  of  the  electrode.  Silver  can  form  various 
complexes  with  mercaptans  and  the  endpoint  depends  largely  on  the  experimental 
conditions.  From  an  analytical  point  of  view  argentimetric  titrations  of 
mercaptans  are  therefore  less  satisfactory  than  mercurlmetric  determinations. 

Part  II  deals  with  the  polarography  of  2-aroinoethane  thiosulfuric  acid) 
RSSO3H  and  2-amlnoethaneselenosulfuric  acid  >  RSeS03H«  RSSO3H,  which  is  re¬ 
duced  at  a  considerably  more  negative  potential  than  RSeS03H)  gives  a  single 
wave  while  RSeS03H  is  reduced  in  two  steps^  all  waves  being  irreversible  at  the 
dropping  mercvu:^  electrode.  At  alkaline  and  neutral  pH  the  heists  of  the 
waves  of  RSSO3H  and  RSeS03H  are  independent  of  pH.  In  acid  solution  the  height 
of  the  RSSO3H  wave  and  the  second  step  of  R3eS03H  increase  with  decreasing  pH. 
This  is  explained  by  the  reduction  in  acid  medium  of  sulfite  which  is  one  of 
the  products  of  the  electrochemical  reduction  of  RSSO3H  and  RSeS03H  at  the 
dropping  mercury  electrode.  The  behavior  of  RSeS03H  in  the  presence  of  surface 
active  agents  at  the  rotated  drc^ping  mercury  electrode  is  different  from  that 
at  the  conventional  electrode.  An  explanation  for  this  behavior  is  given. 

Part  in  deals  with  catalytic  effects  which  are  observed  in  ammoniacal 
cobalt  solutions  in  the  presence  of  minute  quantities  of  sulfhydryl  or  di¬ 
sulfide  containjing  compounds.  When  electrolyzed  at  the  dropping  mercury  elect¬ 
rode,  many  of  these  compounds  give,  under  proper  experimental  conditions,  hi^ 
current  peaks  at  potentials  of  -l.U  to  -1.9  volts  vs.  the  saturated  calomel 
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electrode.  Because  of  their  abnormal  height,  these  peaks  are  attributed  to 
catalytic  phenomena.  Some  18  sulfhydryl  and  disulfide  compounds  were  investi¬ 
gated  in  order  to  find  which  sulfur  compounds  gave  a  catalytic  effect,  and  at 
which  concentrations,  since  not  all  mercaptans  investigated  gave  this  effect. 
The  ability  of  these  compounds  to  give  the  effect  was  found  to  be  greatly 
affected  by  the  kind  and  number  of  functional  groups  in  the  compounds.  Also, 
the  effect  of  the  buffer  composition  was  studied.  These  catalytic  effects 
can  be  helpful  for  a  study  of  the  Interaction  of  sulfhydryl  compounds  with 
sei^  proteins  before  and  after  Irradiation.  It  was  with  this  aim  in  mind 
that  these  studies  were  initiated. 


Part  I 


Piercurlmetrlc  and  Argentimetric  Titrations  of  Disulfides 
and  Sulfhydryl  Coiif>oiand8 


Mereurlroetrle  and  Argentlnetrlc  Titrations  of  Disulfides 
and  Sulfhydryl  Compounds 

In  previous  work^  it  was  shown  that  the  difference  in  rate  of  the  hydro¬ 
lytic  fission  of  oxidized  glutathione  and  cystine  can  be  made  the  basis  of 
an  amperometric  titration  of  cucldized  glutathione  in  presence  of  cystine. 
Conditions  have  been  established  under  which  the  hydrolytic  fission  of 
oxidized  glutathione  according  to  the  over-all  equation, 

2GSS0  +  30ir  3GS-  +  GSOOH  ♦  H2O  (1) 

can  be  made  to  run  to  completion  by  removing  the  QS~  with  mercury  which 
reacts  fast  and  stolchiometrlcally  with  OS". 

In  the  present  repoi*t  the  alkaline  fission  of  diguanidlnodipropyl- 
disulflde  (RjiSSRjj)  and  dlhydroxydiethyldisulfide  (RjySSRjy)  in  the  presence 
of  mercury  has  been  investigated.  In  connection  with  these  investigations 
it  was  necessaiy  to  explore  the  feasibility  of  mercurimetric  amperometric 
titrations  of  guanidinopropyl  mercaptan  (RjjSH),  guanidino  ethyl  mercaptan 
(RlSH)  and  aminoethyl  mercaptan  (RjuSH),  The  amperometric  mercurimetric 
titration  of  mercaptoethanol  (RjySH)  was  studied  by  Kolthoff  and  al.^  Since 
we  also  intended  to  study  the  hydrolytic  fission  of  disulfides  in  the  pres¬ 
ence  of  other  metals  such  as  silver  we  extended  our  experiments  also  to 
amperometric  titrations  with  silver  nitrate  in  various  media. 

Materials.  Amlnopropylisothiouronium  bromide  hydrobromide  was  obtained 
from  the  Oak  Ridge  National  laboratories.  Aminoethylisothiouronium  bromide 
hydrobromide  and  mercaptoethylamlne  hydrochloride  were  obtained  from  the 
Vfelter  Reed  Army  Research  Center.  2-mercaptoethanol  was  an  Eastman  V/hlte 
Label  product.  The  solutions  of  dipropylguanidino  disulfide  (RiiSSRh), 


(1)  W,  Stricks  and  I.  M.  Kolthoff;  Anal.  Chem.  1050  (1953). 

(2)  I.  M.  Kolthoff  and  J.  Eisenatadter;  Anal.  Chin.  Acta,  21;,  280  (1961). 


diethylaminodisulfide  diethylhydroxydisulfide  (HjvSSRjv) 

were  10"2m,  They  were  prepared  by  air  oxidation  of  the  corresponding  iso- 
thiouronium  salts  or  sulfhydryl  compounds  as  described  in  previous  reports* 

All  other  reagents  were  cotmercial  C*  P.  products. 

Methods*  Current  voltage  curves  were  obtained  automatically  with  a 
Sargent  model  XXI  polarograph  and  manually  with  the  apparatus  and  circuit 
described  by  Lingane  and  Kolthoff^.  The  pH  of  all  solutions  was  measured 
with  a  Beckman  Zeromatle  pH  nwter  with  a  type  lil260  glass  electrode  which  can 
be  used  for  the  entire  pH  range*  Ten  nil*  and  0*5  ml*  semlnlcroburets  with 
OaOl'ml.  divisions  were  used  for  the  titrations. 

The  platinum  wire  electrode  was  rotated  at  a  speed  of  600  r*p*m*  A 
silver  coated  platinum  electrode  was  used  for  most  of  the  experiments*  A 
new  platinum  electrode  was  cleaned  with  warm  concentrated  nitric  acid, 
rinsed  with  distilled  water  and  electroplated  in  a  10" 3m  silver  nitrate 
solution  which  was  0*1M  in  ammonia  and  0*1M  in  ammonium  chloride  at  -0*3  volt 
vs*  a  saturated  calomel  electrode  (S.C.E.)  for  1  hour*  Vfhen  not  in  use  the 
platinum  electrode  was  kept  in  distilled  water. 

The  titration  vessel  was  a  100  ml*  beaker  into  which  was  placed  an  approp¬ 
riate  volume  of  buffer  solution.  The  beaker  was  fitted  with  a  rubber  stopper 
with  holes  for  the  nitrogen  inlet  tube,  electrode,  buret,  and  salt  bridge* 

The  solution  was  made  air  free  by  passing  99.996^  pure  nitrogen  (Linde) 
through  whereiq)on  the  residual  current  was  measured  at  the  proper  potential. 

A  given  volume  of  mercaptan  or  disulfide  solution  was  now  added  and  the  solvtt- 
lon  titrated  with  mercuric  chloride  or  silver  nitrate*  The  initial  volume 
of  the  titration  mixture  was  iiO  ml.  in  most  experiments.  All  current  values 
were  corrected  for  this  volume.  The  end  point  of  a  titration  was  determined 
in  the  usual  way  by  the  interaction  of  excess  reagent  line  with  the  line 
representing  the  residual  current* 

(3)  J*  J*  Lingane  and  I*  N*  Kolthoff,  J;  Am.  Chem.  Soc*  61,  825  (1939). 
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Results  and  PiBCussion 

(1)  Mercurimetric  Titrations  of  RjiSSRjj  and  RjySSRiv. 

Titrations  of  RuSSRn  were  performed  with  mixtures  which  were  0,2M  in 
sodium  hydroxide  and  0.5M  in  potassium  chloride  at  -0.3  volt  vs*  S.C.E. 
RivSSRiv  was  titrated  at  two  different  sodium  hydroxide  concentrations 
(  0.02M  and  0.2M  NaOH)  all  solutions  being  0,05M  in  KCl.  With  both  RuSSRn 
and  RivSSRjv  a  current  of  about  3  ^  was  measured  after  the  addition  of  the 
first  increment  of  mercuric  chloride  (10"3m)  indicating  that  mercury  did  not 
react  with  the  titration  mixture.  Since  from  previous  experiments  it  is 
known  that  the  reaction  between  mercaptan  and  mercury^ 

2RS-  +  HgCl2  -  Hg(RS)2  +  201"  (2) 

is  instantaneous  the  hydrolysis  of  the  disulfides  (equation  1)  must  be  slow 
or  does  not  take  place  at  all.  From  the  data  of  Table  I  it  is  seen  that 
the  current  corresponding  to  the  reduction  of  mercuric  chloride  decreases 
when  the  solution  is  allowed  to  stand.  Apparently  mercury  is  used  up  slowly, 
indicating  that  the  hydrolysis  of  the  two  disulfides  investigated  is  slow 
and,  in  contrast  with  oxidized  ^utathione,  can  not  be  made  the  basis  for  a 
titration  of  these  disulfides. 

(2)  Mercurimetric  Titrations  of  Mercaptans. 

In  mercurimetric  titrations  the  electrode  becomes  virtually  an  amalgam 
electrode  in  the  course  of  the  titration,  since  mercury  is  deposited  at  the 
electrode.  This  is  evidenced  by  the  appearance  of  an  anodic  current  before 
the  end  point,  the  mercaptan  reacting  anodically  with  the  mercury.  The  anodic 
current  does  not  decrease  linearly  with  the  volume  of  mercuric  chloride  add¬ 
ed,  and  therefore  the  reaction  line  is  curved.  Similar  obseirvations  have 
been  made  in  titrations  of  mercaptans  at  the  dropping  mercury  electrode  and 
a  clear  cut  explanation  for  this  peculiar  behavior  cannot  be  given  at  the 
present  time.  In  all  mercurimetric  titrations  the  excess  reagent  line  was 
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Table  I 

Amperometric  mercurimetric  titration  at  -0.3  volt  vs,  S.C.E.  of  U  ml,  of  10"3 
M  RjySSRjy  in  UO  ml,  solution  of  various  NaOH  concentrations,  KCl  con¬ 
centration  was  0.05m  in  each  case. 


0,02M  NaOH 


ml  10”3m  HgCl2 

current  f  fxa 

Time  (minutes)  elapsed 
between  addition  of 
IlgCl2  and  measuring  of 
current 

0.00 

0.05 

10 

0.05 

15 

o.5b 

3.22 

2 

2.65 

7 

3.00 

16.70 

3 

15.67 

10 

0.2M  NaOH 

0.00 

0.05 

0 

1.00 

5.25 

1 

U.99 

5 

3.00 

15.88 

2 

IS. 32 

8 

straight  and  well  defined. 

A  few  mercaptans  were  also  titrated  with  ethylmercury  chloride  at  the 
rotated  dropping  mercury  electrode  (R.D.M.E.)  as  indicator  electrode.^  In 
all  instances  the  agreement  between  the  results  obtained  at  the  R.D.M.E.  and 
those  at  the  platinum  electrode  was  within  1^.  From  this  we  conclude  that 
the  results  obtained  with  the  platinum  electrode  are  reliable. 

Figure  1  gives  titration  curves  for  mercaptoethyl  guanidine  (RjSH), 
mercaptopropyl guanidine  (RjjSH)  and  mercaptoethylamine  (RjijSH).  It  is  seen 
that  the  curves  are  similar  in  shape  although  the  slope  of  the  excess  reagent 
line  varies  to  some  extent  in  spite  of  the  fact  that  a  synchronous  motor  was 
used  for  the  rotation  of  the  platinum  electrode. 

Tables  II  and  III  give  the  results  obtained  in  mercurimetrlc  titrations 
of  RjSH  and  RjjSH.  It  is  seen  that  RjSH  sund  RjjSH  can  be  titrated  with  an 
average  error  of  U.8  and  0.3^  respectively.  Since  the  results  agree  well 
with  those  obtained  at  the  R.D.M.E.  it  is  justified  to  assume  that  the 
products  obtained  are  not  lOOJt  pure  and  that  the  "errors  listed  in  Table  II 
and  III  really  give  the  impurities  of  the  products  analysed. 

3»  Argentimetric  Titrations  of  dercaptans. 

Argentimetric  titrations  of  mercaptans  were  the  subjects  of  many  invest¬ 
igations.  Cysteine  in  ammonia  and  tris-  (trihydroxyethylaminomethane) 
buffers  give  results  which  are  30  to  9^%  high.^  With  thioglycolic  acid  the 
positive  error  is  about  one  half  of  that  found  with  cysteine.^  Sluyterman^ 
suggested  that  both  the  carboxylate  and  aminogroup  in  cysteine  are  responsible 
for  the  binding  of  silver  by  RSAg,  while  the  smaller  error  in  thioglycolic 
acid  is  due  to  the  carboxylate  group.  In  the  absence  of  silver  binding 

(l^)  V,  StrickSi  3,  K,  Chakravarti,  Anal.  Chem,  35i  l^h  (196i) 

(5)  L.  A.  Ac,  Sluyterman,  Biochem,  et  Biophys,  Acta,  25,  U02  (1957). 

(6)  I.  M,  Kolthoff  and  J*  Elsenstadter,  Anal.  Chim.  Acta,  2U,  83  (1961). 


platinum  wire  electrode  at  -0.3  volt  ve.  S.C.E.  (A)  1 
ml.  of  2  X  10-3m  RiSH,  (B)  2  ml,  of  2  x  10-3m  RuSH 
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Table  II 

Anperometrle  mercurlmetrlc  titrations  of  R]^SH  at  the  rotated  platinum  electrode 
in  0.02M  NaOHf  O.OSM  KCl  (pH  12.1)  at  •O.B  Tolt  vs.  S.C.E.  if  not  stated  other¬ 
wise.  The  titrant  was  lO'^M  HgCl2. 


RjSH,  Mg 


Error  % 


Taken 

Pound 

O.U76 

0.U71  -  l.o(a) 

0.1i76 

0.U51  -  5.o(«) 

O.U76 

O.U67  -  2.0(a) 

O.TlU 

0.690  -  U.o 

0.952 

0.932  -  3.8 

O.TlU 

0.690  -  U.O 

1.160 

1.110  -  5.0 

1.160 

1.102  -  5.8 

1.328 

1.261  -  5.6 

0.U76 

O.U52  -  6.0 

0.952 

O.9I1O  -  3.0(b) 

(a)  at  -0.2  volt  vs,  S.C.E. 

(b)  buffer:  O.IM  NH3,  O.IM  NR^W 

Table  III 
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Amperometric  Titration  of  RjiSH  and  RjjjSH  in  0.02M  NaOH,  0.05M  KCl 
(pH  12.0)  at  -0.3  volt  Ys.  S.C.B.  vith  10*‘3k  HgCle. 


RttSH.  Mg 

Error  % 

Taken 

Found 

1.068 

1.13U 

+  6.0 

1.068 

1.068 

0.0 

1.068 

1.020 

-  U.U 

1.068 

1.057 

-  1.0 

1.068 

1.0U8 

-  1.8 

1.068 

1.063 

-  0.5 

0.53li 

0.529 

♦  3.0 

Error  % 

Taken 

Found 

0.62li 

0.601 

-  3.8 

0.62U 

o.6o; 

-  3.8 
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groups  (unsubstituted  nercaptans,  mereaptoethanol)  the  end  point  ie  found 
at  a  molar  ratio  of  sulfhydryl  to  silver  1:1.^ 

The  mercaptans  studied  so  far  contained  amino  and  carboxyl  groves.  It 
appeared  of  interest  to  study  mercaptans  with  an  amino  group  only  such  as 
mercaptoethylamlne  and  mercaptans  with  a  group  more  basic  than  the  amino 
groups,  such  as  the  guanidine  group.  Because  of  its  larger  pK  value  the 
guanidine  group  may  be  charged  at  a  pH  at  which  the  amino  group  is  present 
in  the  uncharged  state.  In  solutions  of  such  a  pH  (for  instance,  pH  11)  the 
amino  group  can  combine  with  silver  while  the  guanidine  group  would  be  less 
likely  to  react  with  silver.  It  was  of  Interest  to  study  these  two  compounds 
and  to  show  whether  Sluyterman's  postulate  could  be  verified  in  these  cases. 
Vfe  titrated  mercaptopropylguanidine  and  mercaptoethylamlne  in  various  buffers 
in  the  presence  of  various  complexing  agents  for  silver  in  the  assunption 
that  such  agents,  if  properly  chosen,  may  preclude  or  diminish  the  cooplex 
formation  of  silver  with  the  amino  or  guanidine  group.  Also  the  pH  was 
varied  from  12  to  7  In  order  to  study  the  effect  of  the  charge  on  the  basic 
gro\q). 

Titration  lines  of  titrations  of  RjjSH  in  ammoniacal  medium  are  illust¬ 
rated  in  Figure  2.  A  comparison  of  line  1  (clear  platinum  wire  electrode) 
with  line  2  (silver  coated  platinum  wire)  Indicates  that  the  result  as  well 
as  the  shape  of  the  titration  curve  depeixl  on  the  surface  pi*operties  of  the 
electrode.  At  the  region  around  the  end  point  the  line  obtained  with  the 
blank  platinum  wire  is  considerably  more  curved  than  the  line  obtained  with 
the  silver  coated  wire.  The  end  point  obtained  with  the  coated  electrode  is 
therefore  better  defined  than  that  given  by  the  blank  wire.  It  is  concluded 
that  silver  coated  wire  is  preferable  to  a  blank  wire.  Ammoniacal  media 
gave  strai^t  titration  lines  and  no  precipitate  was  observed  in  the  course 
of  the  titration.  Trie  buffers  gave  well  defined  titration  lines  but  the 
current  after  the  end  point  was  considerably  smaller  than  that  measured  in 
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Figure  2.  Anperometrio  ar^ntinetrlo  titration  of  1  ml.  of  2  x  10'’3h 
RjlSH  in  (1)  O.IM  NH3,  O.IM  NHl^NOj  at  the  clean  platinum 
electrode,  (2)  O.IM  NH3,  O.IM  Nm^N03  at  the  silver  coated 
platinum  electrode,  (3)  0.1M  Tria,  O.IM  CH3COONa  at  the 
silver  coated  platinum  electrode.  All  titrations  were 
perfomed  at  •0.3  volt  vs.  S.C.E. 
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the  presence  of  ammonia  buffers.  This  is  seen  from  a  comparison  of  line  2 
with  line  3  of  Figure  2,  Apparently  the  diffusion  coefficient  of  the  silver- 
Tris  -  complex  is  much  smaller  than  that  of  the  silver  amino  complex. 

Experiments  were  also  performed  with  titration  mixtures  containing  large 
amounts  of  chloride  which,  at  relatively  large  concentrations,  can  also  act 
as  a  complexing  agent  for  silver.  From  Figure  3  it  is  seen  that  the  titration 
lines  are  curved  in  the  proximity  of  the  end  point,  the  extent  of  curvature 
increasing  with  increasing  chloride  concentration. 

In  the  presence  of  surface  active  agents  such  as  0.005^  gelatin  or  0,5$ 
Triton  X-100  two  excess  reagent  lines  were  generally  obtained  and  a  well 
defined  end  point  was  therefore  not  obtainable.  An  example  of  a  titration 
line  obtained  in  the  presence  of  a  surface  active  agent  is  given  in  Figure  U, 
which  represents  the  titration  of  1  ml,  of  2  x  10“^M  RjiSH  in  UO  ml,  IM  KCl, 
0,1M  CH^COONa,  0,5^  Triton  X-100  with  10"2m  AgN03  as  titrant.  The  end  points 
obtained  with  the  first  straight  line  correspond  to  errors  of  +2  to  •!%  while 
the  second  straight  line  gave  end  points  which  were  25  to  in  error,  A 
blank  titration  with  a  Ull  KCl  solution  (0,1M  CH3C00Na)  gave  a  perfectly  straight 
line  and  no  precipitation  upon  addition  of  silver  nitrate  to  the  concentrated 
chloride  solution  was  observed. 

When  Rush  was  titrated  in  the  presence  of  chloride  the  formation  of  a 
precipitate  was  observed  before  or  after  the  end  point,  depending  on  the 
experimental  conditions.  In  ItM  KCl  (0,1M  CH3C00Na)  a  precipitate  was  some¬ 
times  observed  when  the  amount  of  silver  added  was  10  to  20^  less  or  more 
than  the  stoichiometric  amount.  Apparently  precipitate  formation  is  depend¬ 
ent  on  the  rate  of  addition  of  titrant.  In  the  presence  of  ammonia  (UM  KCl, 

0,1M  NH3)  a  precipitate  was  not  observed  until  5056  of  excess  silver  was  added. 

At  smaller  chloride  concentrations  (1  to  2M)  a  precipitate  was  formed  only 
after  addition  of  a  100  to  11(056  excess  of  silver.  The  peculiar  fact  that  no 


Mi^Ro/V^pr<<£ 


Figure  3*  Amperopietrlc  titrations  of  1  ml.  of  2  x  10“3m  RjjSH  i{i 
(1)  IM  KCl,  O.IM  CH3COONa,  (2)  2M  KCL,  O.IM  CH3COONa, 
(3)  I4M  KCl,  O.IM  CH3COONa  with  10-2m  silver  nitrate  at 
the  rotated  silver  coated  platinum  electrode  at  *0.2 
volt  vs.  S.C.E. 
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precipitate  is  observed  in  atnmoniacal  or  Trls-solutions  while  precipitates 


are  observed  in  the  presence  of  chloride  can  tentatively  be  explained  by 
assuming  that  the  silver  thiolcomplex  has  the  ability  to  form  an  amine  complex^ 
RSAg(NH3)2  or  a  Trio  caiplex  which  is  soluble  in  water.  In  the  presence  of 
chloride  no  such  complex  can  be  formed,  but  the  complex  can  be  hydrated  and 
soluble  in  this  form.  At  a  large  concentration  of  potassium  chloride  (I4M) 
the  complex  becomes  dehydrated,  the  water  being  taken  up  by  the  chloride. 

This  explains  why  a  precipitate  is  formed  in  the  vicinity  of  the  end  point 
at  large  chloride  concentrations  vdiile  such  precipitation  ensues  much  slower 
at  smaller  chloride  concentrations.  An  inspection  of  the  results  obtained 
in  these  titrations  will  show  that  the  reactions  Involved  in  these  titrations 
are  rather  complicated  and  it  must  be  assumed  that  more  than  one  complex  is 
formed  in  the  titration  mixture.  Tables  IV  and  V  give  the  results  of  titrate 
ions  of  RjjSH  in  various  buffers.  Is  is  seen  that  the  results  obtained  in 
ammonia  buffers  with  10“3m  AgNOj  as  titrant  exhibit  errors  of  2  to  -95?  while 
the  errors  in  titrations  with  lO'^M  AgN03  vary  from  8  to  26%,  the  resul-te  in 
these  titrations  being  always  hi^.  The  reason  for  this  peculiar  difference 
between  the  titrants  of  different  concentrations  seems  to  be  the  different 
rate  of  addition  of  reagent.  Viren  the  concentration  of  the  titrant  is  larger 
the  rate  of  addition  is  faster  and  local  high  concentrations  of  silver  may 
be  built  up.  This  may  give  rise  to  complex  compounds  of  the  formula 
(RSAg)Agx  and  therefore  to  hi^er  end  points.  Whether  or  not  this  explan¬ 
ation  is  correct  could  be  tested  by  more  extensive  experiments  in  which 
titrants  of  the  same  concentration  are  added  at  different  rates.  If  higher 
results  are  obtained  at  faster  rates  our  explanation  would  be  confirmed. 
Ei^rlments  along  this  line  are  planned.  All  experiments  with  tris  buffer 
gave  high  results  with  errors  varying  from  8  to  29%%  Apparently  formation 
of  compounds  (RSAg)A^  occurs,  in  which  the  silver  is  likely  to  be  bound  by 
the  guanidine  group.  Amnonia  buffers  can,  under  proper  experimental  conditions. 
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Table  IV. 

Anperometrlc  titrationa  of  RjjSH  In  ammonia  and  Trla-  buffera  with  lO'^H 
silver  nitrate  at  -0.2  volt  vs.  3.C.E. 


Rush, 

Mg. 

Buffer 

pH 

Taken 

Found 

Error,  % 

O.IM  NH3,  l.OM  NHl^N03 

8.6 

0.267 

0.282 

♦  5.0(a) 

O.IM  NH3,  0.1H  N(^N03 

9.3 

0.267 

0.31*2 

•*>28.0 

n  H 

9.3 

0.267 

0.288 

+  8.0 

It  II 

9.3 

0.267 

0.325 

♦23.0 

n  n 

9.3(b) 

0.267 

0.273 

+  2.0(a) 

tt  II 

9.3(b) 

0.267 

0.252 

-  5.0(a) 

II  II 

9.3 

0.267 

0.258 

-  3.0(a) 

l.OM  NH3,  O.IM  NH^N03 

10.3 

0.267 

0.21*0 

-  9.0(a) 

O.IM  NH3,  O.IM  KNO3 

11.0 

0.267 

0.273 

♦  2.0(a) 

O.IM  Tris,  O.IM  CH3C00Na,  0,092M 
CH3COOH 

7.5 

0.267 

0.291 

♦  8.0 

O.IM  Tris,  0.1M  CH3C00Na,  0.092M 
CH3COOH 

7.5 

0.267 

0.312 

+15.0 

O.IM  Tris,  O.IM  CH3C00Na 

10.2 

0.267 

0.291 

+  8.0 

O.IM  Tris,  0.0018M  NaOH 

11.3 

0.267 

0.351* 

+29.0 

(a)  Titrant,  10“3m  AgN03 

(b)  Titration  performed  at  -0.3  volt 


Table  V, 


An^erometric  titrations  of  RjjSH  in  chloride  solutions  with  lO'^M  silver 
nitrate  at  •0*2  volt  vs*  S.C.E. 


Buffer 

pH 

Rush, 

Taken 

Mg. 

Found 

Error,  % 

IM  KCl, 

0*1M  CH3C!00Na 

7*U 

0*267 

0*273 

+  2.0 

II 

It 

7.U 

0.267 

0*276 

+  3.0 

n 

II 

7*h 

0.13li 

Oulla 

+  5.0 

2M  KCl, 

0*1M  CH3C00Na 

7*lt 

0,267 

0.282 

+  5.0 

iiM  KCl, 

O.IM  CH3C00Na 

7.U 

0.267 

0.273 

+  2*0 

It 

II 

7*U 

0*267 

0*297 

♦  10.0 

II 

11 

7.h 

0*267 

0*312 

♦  15.0 

ti 

It 

7*U 

0.267 

0*306 

♦  13*0 

It 

11 

7*li 

0,267 

0.321 

+  18*0 

hK  KCl, 

0*1M  NH3 

ll*l(») 

0*267 

0*297 

♦  io*o(b) 

llM  KQ, 

0«02M  N«0H 

12*2(*) 

0*267 

0*306 

+  13.0(to) 

(a)  Titration  performed  at  -0*3  volt  vs*  S.C.E. 

(b)  Titrant,  10“3m  AgNOj 
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give  better  results.  The  reason  seems  to  be  that  ammonia  forms  a  complex 

with  silver  which  is  strong  enough,  so  that  it  can  compete  with  the  guani¬ 

dine  for  the  binding  of  silver.  This  is  not  the  case  in  Tris  solutions 
which  cannot  bind  silver  strongly  enough  so  as  to  prevent  it  from  combining 
with  the  guanidine  group  to  form  (RSAg)Agx.  From  the  data  in  Table  IV  it  is 

seen  that  a  variation  of  pH  from  9.3  to  11.0  in  an  ammonia  buffer  and  from 

7.5  to  11.3  in  a  Tris  buffer  has  little  effect  on  the  results.  In  these 
buffers  the  guanidine  group  is  mostly  present  in  the  charged  form.  As  in¬ 
dicated  by  our  results  the  charged  guanidine  group  appears  to  have  the 
ability  to  react  with  silver  by  replacement  of  a  proton  by  the  metal.  From 
Table  V  it  is  seen  that  also  chloride  ion  can  be  used  to  react  with  silver 
to  form  CMiplexes  AgCl^'^  whidi  can  compete  with  the  guanidine  group.  How¬ 
ever,  the  chloride  concentration  should  not  be  markedly  larger  than  2M,  At 
larger  chloride  concentrations  precipitation  is  observed  near  the  end  point 
and  adsorption  of  silver  ion  on  the  precipitate,  which  may  be  colloidal  in 
the  beginning,  is  possible.  This  gives  rise  to  high  results. 

Table  VI  gives  results  of  titrations  of  RnjSH  (mercaptoethylamine)  in 
various  buffers  with  10“ 3m  silver  nitrate  as  titrant.  With  the  exception  of 
one  result,  all  results  are  13  to  38/t  high.  It  is  of  interest  to  note  that 
while  mercaptopropylguanldine  can  give  good  results  in  ammonia  or  chloride 
buffers  no  correct  results  can  be  obtained  with  mercaptoethylamine  in  these 
buffers.  It  appears  that  the  amino  group  has  a  stronger  con^lexing  pov;er 
for  silver  than  the  guanidine  group,  ’-'e  also  have  to  consider  that  at  the 
pH  of  our  solutions  the  amino  group  is  uncharged  while  the  guanidlno  group 
is  charged.  Experiments  with  RmSH  at  pH  7.7  (O.IM  NaN03,  O.IM  CH3C00Na) 
gave  a  curved  titration  line  and  no  end  point  could  be  determined.  In  a 
KCl-O.lM  CH3C00Na-solution  (  1  ml.  of  10"3m  RjuSH)  no  silver  nitrate 
was  used  up  by  the  solution  and  after  addition  of  the  first  increment  of 
AgN03  a  current  was  measured  which  increased  upon  further  addition  of  A^03, 
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Table  VI. 

Anperometrie  Titrations  of  RjjjSH  in  various  buffers  with  10*’3m  silver  nitrate 

at  -0.3  volt. 


RlIlSH,  Kg. 


Buffer 

pH 

Taken 

Found 

Error,  % 

O.IM  NH3,  O.IM  NH^n03 

9.h 

0.156 

0.232 

+  38.0 

O.IK  NH3,  0.05M  NaN03 

10.0 

0.312 

0.390 

+  26.0 

II  II  II  II 

10.0 

0.312 

O.38U 

+  2U.0 

O.IM  Trie,  O.IM  NaN03 

10.2 

0.156 

0.222 

+  33.0 

2M  KOI,  0.02M  NaOH 

12.0 

0.156 

0.182 

+  13.0 

KOI,  0.02M  NaOH 

12.1 

0.156 

0.160 

♦  2.0 

tt  II  II  II 

12.1 

0.156 

0.212 

+  28.0 

ft  It  11  II 

12.1 

0.156 

0.2114 

♦  29.0 

II  11  II  II 

12.1 

0.156 

O.21I4 

♦  29.0 

0.011^  EDTAi  0«03M  NaOH 

0«05M  NalK)3 

12.0 

0.156 

0.22U 

♦  3U.0 
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An  explanation  for  this  behavior  cannot  be  given  at  the  present  time.  In  a 
few  instances  (electrolyte;  2M  KCl,  0,05M  Borax)  we  found  that  after  the  end 
point  the  curirent  was  not  constant,  but  decreased  continuously.  Generally, 
precipitate  formation  after  or  at  the  end  point  was  followed  by  a  marked 
decrease  in  current  due  to  the  excess  reagent.  This  was  also  observed  in 
titrations  of  RjjSH  and  can  probably  be  explained  by  adsorption  of  excess 
silver  on  the  precipitate  or  by  a  reaction  of  excess  silver  with  silver 
mercaptlde  to  form  an  Insoluble  poly-silver  mercaptide  (RSAg)Agx. 
formation  of  a  deposit  at  the  electrode  and  a  decrease  of  its  sensitivity 
and  following  decrease  in  current  cannot  be  excluded  as  a  possibility  in 
this  case.  Our  present  experiments  show  that  an  argentimetric  titration  of 
RniSH  in  the  buffers  investigated  is  not  feasible. 

Sumnarlzing  our  results,  it  can  be  stated  that  anperometric  mercurimetric 
titrations  of  mercaprtans  at  the  platinum  electrode  can  be  successfully  per¬ 
formed  under  proper  conditions  of  pH  and  buffer.  The  reactions  between 
mercaptans  and  mercuric  chloride  are  stoichionetrically  sinple  and  the 
results  are  reproducible.  The  platinum  electrode  which  in  the  course  of  a 
mercurimetric  titration  becomes  virtually  a  mercury  electrode  can  be  used 
repeatedly  without  treatment  for  many  titrations  and  its  sensitivity  does 
not  change  upon  use.  As  mentioned  in  the  experimental  part,  the  platinum 
electrode  was  usually  sllverplated  and  amalgamated  before  use  in  order  to 
have  a  uniform  surface.  Argentimetric  titrations  are  considerably  more 
complex  with  respect  to  the  reactions  Involved  and  to  the  surface  conditions 
of  the  electrode.  It  has  been  shown  by  our  experiments  and  by  other  Invest- 
igatiors,  that  silver  can  form  various  complex  compounds  with  mercaptans, 
the  kind  of  compound  formed  being  dependent  on  the  experimental  conditions 
such  as  pH,  kind  of  buffer,  concentration  of  reagents  and  rate  of  addition 
of  silver  to  the  mercaptan.  The  stoichiometric  end  point  therefore  depends 
upon  these  factors.  Silver  is  deposited  at  the  electrode  in  the  form  of 
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crystals,  the  size  and  shape  of  which  can  be  affected  by  the  conditions  of 
the  electrolysis  and  of  the  electrolyte.  The  properties  of  the  deposit 
determine  the  sensitivity  of  the  electrode,  its  response  to  small  currents, 
and  therefore  indirectly  the  sharpness  of  the  end  point.  These  considerat¬ 
ions  make  it  clear  why  argentimetric  titrations  of  mercaptans  are  generally 
less  satisfactory  than  mercurimetrlc  determinations. 

In  spite  of  these  difficulties  we  found  it  possible  that,  to  a  limited 
extent,  ceHain  mercaptan  titrations  with  silver  are  possible.  Further 
experiments  are  planned  with  the  intention  to  obtain  more  insight  into  the 
reactions  between  silver  and  mercaptans  and  the  electrolysis  processes  in¬ 
volved.  The  effect  of  the  rate  of  addition  of  silver  nitrate  to  the  mercaptan 
solution  should  be  studied.  Also,  several  complexing  agents  for  silver,  such 
as  sulfite,  which  can  compete  with  the  binding  to  the  basic  group,  should 
be  explored.  Since  the  surface  conditions  of  the  electrode  are  important 
various  treatments  of  the  electrode  will  be  studied.  In  the  present  studies 
the  variation  of  concentrations  of  mercaptan  was  rather  limited  and  an  sac- 
tension  of  this  line  of  experiments  is  therefore  planned. 
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Part  II 

This  part  is  identical  with  a  manuscript  entitled  "Polarography  of  2-Amino- 
ethanethiosulfuric  Acid  and  2-Aminoethaneseleno8ulfuric  Acid"  by  Walter  Strides 
and  R.  0.  Mueller,  submitted  to  the  Analytical  Chemistry  section  of  the  Amer¬ 
ican  Chemical  Society  for  presentation  at  the  lUUth  National  Meeting,  Los 
Angeles,  California,  March  31-April  5,  1963. 

Polarography  of  2-Aminoethanethiosulfuric  Acid 

and 

2-Aminoethaneselenosulfuric  Acid 

By:  Walter  Strides  and  R.  G.  Mueller 
Department  of  Chemistry 
Marquette  University 
Milwaukee  3*  Wisconsin 

A  polarographic  study  of  the  two  antiradiation  drugs  2-aminoethanethio- 
sulfuric  acid  (H2N-CH2-CH2-S-SO3H)  denoted  as  RSS03H  and  P-aminoethaneseleno- 
sulfuric  acid,  (H2N-CH2-CH2-Se-S03H)  denoted  as  RSe903H  is  reported  in  this 
paper.  The  results  obtained  with  the  two  compounds  are  compared. 

E^erimental 

Materials.  RSSO3H  and  RSeS03H  were  obtained  from  the  Walter  Reed  Army  Institute 
of  Research,  Department  of  Radiology.  All  other  chemicals  were  commercial 
analytical  grade  products.  All  solutions  were  prepared  with  double  distilled 
water. 

The  stock  solutions  used  for  the  preparation  of  the  mixtures  to  be  electro¬ 
lyzed  were;  51^  ammonia,  2M  ammonium  chloride,  2M  potassium  chloride,  IM  hydro¬ 
chloric  acid,  IM  acetic  acid,  0.2M  dlsodium  phosphate,  0.2M  monosodium  phosphate, 
0.5/K  gelatin,  0.55^  polyacrylamide,  10“2m  RSSO3H  and  10“2m  RSeS03H.  Stock 
solutions  of  RSSO3H,  RSeS03H  and  of  gelatin  were  kept  refrigerated  if  not  in 
use.  The  gelatin  solution  contained  one  drop  of  toluene  in  100  nil.  solution 
to  protect  it  from  bacterial  attack. 
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Methods.  Current  voltage  curves  were  measured  at  2$°*  0,1°C  with  the  manual 
apparatus  and  circuit  described  by  Lingane  and  Kolthoff(5)  and  automatically 
with  a  Sargent  Model  XXI  automatic  recording  polarograph.  All  potentials 
were  measured  against  a  saturated  calomel  electrode  (S.C.E.).  Oxygen  was  re¬ 
moved  from  the  solution  in  the  cell  with  a  stream  of  Linde  Nitrogen  (99«996sS) 
pure.  The  nitrogen  was  passed  through  three  bottles  containing  solutions  of 
the  same  composition  as  that  of  the  buffers  used  for  the  electrolysis  mixture. 
During  an  experiment  an  atmosphere  of  nitrogen  was  maintained  over  the  solution. 
Corrections  were  made  for  the  residual  current. 

The  characteristics  of  the  capillary  of  the  dropping  mercury  electrode, 
(D.M.E.)  were:  m-1.98  mg  sec”^,  t«l:.07  sec.  (open  circuit,  O.IM  KCl,  h«67.8  cm.) 

The  rotated  dropping  mercury  electrode  (R. D.M.E.)  had  the  following  char¬ 
acteristics:  speed  of  rotation  225  r.p.m.,  m*l5.28  mg  sec**^,  t*3*9  sec.  ((^n 
circuit  O.lMKCl,  h»52  cm.). 

The  pH  was  measured  with  a  Beckman  Zeromatic  pH  meter  with  a  glass  electrode 
of  the  U1260  type,  usable  for  the  entire  pH  range. 

Results. 

^^5503 H.  Polarograms  were  taken  with  solutions  of  various  concentrations  In 
RSSO3H  in  buffers  from  pH  1  to  11,  All  RSSO3H  solutions  gave  a  well  defined 
cathodic  wave.  In  strongly  alkaline  medium  (0,05M  NaOH,  0.95M  KCl)  RSSO3H 
decomposes  slowly.  After  the  first  hour  of  standing  of  10-3K  RS303H  in  this 
solution  the  polarogram  was  found  to  be  unchanged.  However,  after  11  hours 
the  height  of  the  wave  was  reduced  from  7.2  to  U.9  ua  and  the  main  wave  (E^  ■ 
-1,16  volt)  was  preceded  by  a  small  prewave  (E^  ■  0,72  volt)  of  a  height  of 
0.66  ua.  An  oiodlc  wave  was  not  detected  in  the  partially  deconposed  solution, 
indicating  that  mercaptoethylamine  (RSH)  is  not  formed  in  the  course  of  the 
decomposition.  RSSO3  H  has  hardly  ary  effect  on  the  surface  tension  of  mercury 
as  Indicated  by  the  electrocapillary  curve  (drop  time  against  potential) 
obtained  in  a  phosphate  buffer  at  pH  7,  (See  Figure  1). 
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Figure  1,  Part  II  1 2 

Blectrocaplllarj’  Curves  of  R3SO3  and  RSeSO 
a)  Supporting  Electrolyte:  0.05  M  Na2HP0j||,,  ()).()05  M  NaH2f’02t,» 


0.85  M  KOI,  pH  7. A 

B)  uith  10“^  M  RSSOjH 

C)  uith  10"2  M  RSeS03H 
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13. 

The  diffusion  current  and  half  wave  potential  of  a  10~^M  RSSO3H  solution 
at  various  pH  are  listed  in  Table  I.  It  is  seen  that  two  pH  regions  can  be 
distinguished.  Between  pH  11  and  7  the  diffusion  current  is  practically  con¬ 
stant  at  various  pH  and  the  half  wave  potential  becomes  more  negative  with  in¬ 
creasing  pH, 

In  the  acid  pH  region  the  diffusion  current  increases  markedly  with  de¬ 
creasing  pH  and  the  half  wave  potential  is  unaffected  by  a  change  of  pH  in 
this  region.  The  presence  of  sulfite  (0.2  to  0.02M)  in  alkaline  medium  has  a 
slight  suppressive  effect  on  the  diffusion  current  of  'ISSO3H  but  no  effect  on 
the  half  wave  potential.  Experiments  with  a  10“3m  RSSO3H  solution  in  a  phosph¬ 
ate  solution  in  a  phosphate  buffer  at  pH  were  performed  with  varying  heights 
of  the  mercury  colxunn  (U8  to  101  cm)  and  the  ratio  i/^  obtained  after  correct¬ 
ion  for  back  pressure  was  found  to  be  constant.  The  wave  can  thus  be  considered 
to  be  diffusion  controlled, 

RSeS03H,  From  curve  C  of  pig,  1  it  is  seen  that  RSeS03H,  in  contrast  with 
RSSO3H  is  capillary  active  at  the  mercury  solution  interface.  Current  voltage 
curves  of  RSeS03H  were  taken  with  solutions  at  pH  ranging  from  1.0  to  12, it  and 
ionic  strengths  from  0.1  to  1.0.  Examples  of  current  voltage  curves  of  RSeS03H 
are  illustrated  in  Fig.  2  which  for  cotrparison  also  gives  a  C-V-curve  of  RSSO3H. 
In  contrast  with  the  single  wave  of  RSSO3H,  RSeS03H  gives  polarograms  which 
essentially  consist  of  two  waves.  In  the  pH  range  between  ^.It  and  9.3  the 
C-V  curve  exhibits  a  high  peak  at  a  potential  of  about  -1.6  volt.  In  the 
presence  of  0.00125^  gelatin  the  peak  is  suppressed  and  a  well  defined  wave 
is  observed  at  this  potential.  It  is  interesting  to  note  (Fig.  2)  that 
RSeS03H  is  reduced  at  a  considerably  more  positive  potential  than  RSSO3H, 

Thus  in  a  phosphate  buffer  at  pH  7.1t  the  zero  current  potential  of  RSeS03H  is 
about  -0.2  volt  while  that  of  RSSO3H  is  -0,8  volt.  Halfwave  potentials  and 
wave  heists  of  RSeS03H  are  listed  in  Table  II.  At  pH  lower  than  3  the  plateau 


Figure  2,  Part  II  13  A. 

Polarograras  of  {L)  10‘‘5  m  rsso^H;  (B),(C1,(D)  10  ^  K  RSeSOjH 
Supporting  aiectrol/tfe 

(A),  (B)  0,05  M  NaoHP04,  0.005  M  NaH2p04,  0.35  M  KOI,  pH  7.4 

(C)  0.005  M  Naj.HPO4O.05  F  NaH2PO^,  O.85  M  KOI,  pH  5.4 

(D)  0.1  K  HGl,  0.9  M  KOI,  pH  1 . 1 
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Table  I«  Diffusion  current  and  halfwave  potential  of  lO'^M  RSSO3H  in 
various  buffers. 


Buffer 

pH 

id,  ua 

0„1M  NH3,  O.UM  KCl,  0.2M  Na2S03 

10.9lj 

6.80 

-1,198 

0,1M  NH3,  0.7M  KCl,  O.IM  Na2S03 

10.9U 

6.85 

-1.197 

O.IM  NH3,  0.9hM  KCl,  0,02M  Na2S03  10.8U 

7.08 

-1.176 

O.IM  NH3,  l.OM  KCl 

10.86 

7.72 

-1.176 

O.IM  NH3,  O.IM  NHl^Cl 

9.20 

7.18 

-1.139 

0.05M  Na2HPOli,  0.005M  NaH2POU 
0.85M  KCl 

7.32 

7.92 

-1.065 

0.005M  Na2HPOl,,  0.05M  Na  HaPOj* 
0.85M  KCl 

5.38 

10.02 

-1.070 

O.IM  CH3OOOH,  l.OM  KCl 

2.90 

IU.60 

-1.065 

O.IM  HQ,  0.9M  KCl 

1.08 

17.00 

-1.06 

15. 

Table  II.  1/feve  heights  ii,  l2»  end  13  end  halfwave  potentials,  2B^,  3Ei^ 

of  10"3m  RSeS03H  in  various  buffers.  All  solutions  contain  0.00125J6 

gelatin  and  have  ionic  strength  one  if  not  indicated  otherwise. 

Current  in  ue,  halfwave  potentials  in  volt  vs.  S.C.E. 

First  wave  Second  wave  Third  wave 

Buffer  pH  ii  lE^  i2  2Ei  13  3Ei 

HCl,  0,9M  KCl  l.OU  5.91  -0,29  11.03  -0.38 

0.;iM  CH3GOOH5  IM  Kd  2.86  5.05  -0,33  10.50  -0.51 

O.IM  CH3COOH,  O.OIM 

CH3COONa  l.OM  KCl  3.6O  U.OO  -0.36  9.67  -O.6I 

O.IM  CH3COOH,  0.1M 

CH3C00Na  0.9M  KCl  U.56  3.70  -0,35  9.50  -0.56 

O.0O5M  Na2HP0^,  0.05M 

Na  H2PO1,  0.85M  KCl  5.36  3,80  -0.36  9.1iO  -0,56  155.0  -  (1) 

O.OIM  CH3COOH,  O.IM 

CH3  COONa  0.9M  KCl  5,5]^  3.65  ^.36  9.95  -0,66  35.0  -1,U5 

0.1M  CH3C00N%, 

0.9M  KCl  7.12  i(.00  -0.35  It.OU  -0,58  22.2  -1.63 

0,05M  Na2HP01i,  0.005M 

Na  H2P01j  0.85M  KCl  7.^0  3,65  -0.39  3.36  -0,57  I8.O  -1,59 

0,05M  Na2HP0^,  0.005M 
Na  H2P0i.0,05M  Kd 

(2)  7.76  U,39  -0.36  2.85  -0.57  18.9  -1.56 

0,05M  Na2B^07,  0,85M 

Kd  9,00  3.36  -O.la  3,23  -0.62  li.3 -1.7U 

O.IM  NH3,  O.IM 

9.28  3,90  -0.1a  3.39  -0.58  7.35  -1.69 

O.IM  NH3,  O.IM 

NH^Cl  0.9M  KCl  9,32  3.75  ^,1,2  3.38  -0.59  2.1*5  -1.69 

(U)  O.IM  NH3,  O.IM  Kd  )0.80  U.15  -0.1*8  3.15  -0.65 

O.IM  NH3,  IM  KCl  10.88  3.80  -0.1*8  3.3l*  -0.65 

0.05M  NaOH,  0.95M 

Kd  (5)  12.1*0  2.28  -0.1*7  2.66  -0.61* 

(1)  i3  is  the  height  of  a  peak  at  -1.9  volt,  hence  no  halfWave  pot^^^  ks 

(2)  ionic  strength  is  0,35 

(3 ) (!*),  ionic  strength  is  0.10 

(5)  polarogram  taken  5  ainutes  after  addition  of  RSeS03H  to  the  buffer. 
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of  the  first  wave  is  poorly  defined  and  its  height  is  larger  than  that  obser¬ 
ved  at  less  acid  pH,  Over  the  pH  range  10.9  to  3*6  the  limiting  current  of 
the  first  wave  is  practically  constant  at  the  same  ionic  strength  and  in¬ 
dependent  of  the  composition  of  the  buffer  (compare  the  data  with  phosphate 
and  acetate  buffer  at  pH  5,36  and  5.5U  respectively).  The  ionic  strength 
has  little  effect  on  the  hei^t  ii  ,  of  the  first  wave  as  indicated  by  exper¬ 
iments  with  ammonia  buffers  at  ionic  strengths  0.1  and  1.0.  The  low  currents 
obtained  in  solutions  at  pH  12.U  can  be  explained  by  the  alkaline  decomposit¬ 
ion  of  RSeS03H  which  is  much  less  stable  than  RSSO3H  in  this  medium.  When  a 
solution  of  10'‘3m  RSeS03H  in  0,0^  NaOH^  0.95M  KCl  was  allowed  to  stand, 
the  height  of  the  first  wave  decreased  from  2.32  to  O.36  ua  after  U  and  690 
minutes  respectively,  while  the  height  of  the  second  wave  deoreased  only  from 
2.89  to  2.U6  ua  in  the  same  time.  Apparently  the  second  wave  corresponds 
to  the  reduction  of  a  new  substance  formed  during  alkaline  decomposition  of 
RSeS03H, 

The  variation  of  the  hei^t  of  the  '^rond  wave  with  pH  is  similar  to  that 
of  the  R3SO3H  wave.  In  the  alkaline  pH  region  (7,1  to  10,9)  the  height  of 
the  second  wave  is  independent  of  pH  and  practically  equal  to  the  hel^t  of 
the  first  wave.  In  the  acid  pH  range  the  second  wave  (i2)  becomes  markedly 
larger  than  ii. 

The  height  of  the  third  wave  decreases  markedly  with  increasing  pH.  Its 
variation  with  the  ionic  strength  appears  to  be  affected  by  the  composition 
of  the  buffer.  Thus  in  phosphate  buffers  (pH  7,U0  and  7.76)  of  ionic 
strengths  1  and  0.35,  I3  is  almost  the  same  (18.0  and  18.9  ua  respectively) 
while  in  ammonia-ammonium  chloride  buffers  (pH  9.32  and  9.28)  of  ionic 
strengths  1  and  0.1  the  values  of  13  were  2,U5  and  7.35  ua  respectively.  % 
eonparlson  of  the  hei^t  of  this  wave  in  a  borate  buffer  (pH  9«0)  and 
aianonia-ammonlum  chloride  buffer  (pH  9.32)  both  of  ionic  strength  1  (i3»U,3  ua 
and  2.14  ua  respectively)  ^^'^^.^that  it  can  be  affected  by  the  composition  of 
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the  buffer.  The  halfwave  potentials  of  the  three  waves  are  little  affected 
by  the  pH  of  the  solutions |  indicating  that  these  waves  are  of  an  irreversible 
nature, 

Polarograns  taken  with  solutions  of  various  RSeS03H  concentrations 
(  5  X  10“^  to  1,U  X  10"3m)  at  7,U  and  9,2  revealed  that  the  hei^t  of  the 
first  and  second  wave  are  proportional  to  the  concentration  while  the  i/C 
value  of  the  third  wave  decreases  markedly  with  increasing  concentration. 

Thus  at  RSeS03  concentrations  of  2,7  x  10“U  and  10“3M  (phosphate  buffer,  pH 
7,U)  the  values  of  13/0  (ua  liters  mmoles”!)  were  58,2  and  19,2  respectively, 
indicating  that  the  third  wave  is  not  diffusion  controlled. 

In  order  to  obtain  more  insight  into  the  nature  of  the  waves,  polarograms 
were  also  taken  at  various  heights  of  the  mercury  column  and  at  various  temp¬ 
eratures,  The  ratios  ii^Ti  and  ±2/^  were  constant  at  various  h  (32,5  to  101.6 
cm)  in  alkaline,  neutral  and  acid  media.  The  temperature  effect  on  the  heights 
of  the  waves  was  studied  at  10,  25,  and  50®C  with  a  10"3m  RSeS03H  solution  at 
pH  7,U  (phosphate  buffer).  From  Table  III  it  is  seen  that  the  temperature 
coefficients  of  the  wave  heights  are  within  the  order  of  magnitude  of  those 
ordinarily  observed  with  diffusion  controlled  cuirents.  It  is  of  interest 
to  note  that  the  temperature  coefficient  of  the  first  wave  is  lower  than  that 
of  the  second  and  third  wave  in  the  lower  and  higher  temperature  region.  All 
temperature  coefficients  in  the  lower  ten^erature  range  are  greater  than  those 
observed  in  the  hl^er  temperature  range.  This  is  in  contrast  with  findings 
for  metal  ions  whose  temperature  coefficients  increase  with  Increasing  temper¬ 
ature,  (3),  Table  III  also  shows  that  the  hallVave  potentials  of  the  first 
and  second  step  are  shifted  to  more  positive  values  with  increasing  temperature. 
In  the  temperature  region  between  10  and  25°C  the  shift  for  the  first  and 
second  wave  is  1.33  millivolts  per  degree  and  in  the  range  between  25  and  50^ 
the  shifts  for  the  two  waves  are  1.33  and  1,6  millivolts  per  degree.  These 
values  agree  favorably  with  re8u).t8  reported  by  Strlcks  and  Kolthoff(6)  for 
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Table  IIIo  Effect  of  temperature  on  limiting  current  (ii,  ±2*  l3>)  half 
wave  potential  (iE|^  2^%,  volt  S.C.E.)  of  10“3m  RSe303Hin  0*05M  Na2HP01i, 
0.001^  Na  0.85IM  KCl,  0.0012^jC  gelatin^  pH  7*li2.  Tanperature  coefficient" 

oi  (per  cent/°C)  -^l  x  100/125  * 


Ten5>erature  t,  ®C 

10 

25 

50 

il 

3.32 

li.Oli 

li.60 

i2 

2.72 

3.92 

5.68 

^3 

12  .li 

19.2 

2li.3 

li  ♦  i2 

6.0li 

7.96 

10.28 

of  il 

1.19 

0.56 

q/ of  i2 

2.0li 

1.2li 

Oiof  i3 

2.36 

1.06 

Ciof  (il  ♦  I2) 

1.61 

1.17 

-0.39 

-0.37 

-0.35 

2^ 

-0.59 

-0.57 

-0.53 

tk 
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oxidized  glutathione.  They  found  that  the  halfwave  potential  of  ncldlzed 
glutathione  was  shifted  to  more  positive  values  as  the  tenperature  was  in¬ 
creased  flrom  2$  to  the  shift  being  1.2U  millivolt  per  degree.  Apparently 

the  ease  of  breaking  the  bond  between  selenium  and  sulfur  in  RSeS03H  and  the 
disulfide  bond  in  oxidized  glutathione  increases  with  Increasing  tenperature. 

In  this  connection  it  should  be  mentioned  that  the  temperature  coefficient  of 
halfwave  potentials  of  metal  ions  !«’  negative(3)>  a  behavior  which  is  In  ooa- 
trast  with  that  of  the  compounds  considered  in  this  paper. 

Polarograms  taken  with  RSeS03H  solutions  in  an  ammonia  buffer  (pH  11) 
with  varying  sulfite  concentraftions  (0.02  to  O.IM)  showed  that  neither  the 
halfwave  potentials  nor  the  limiting  currents  are  affected  by  the  presence 
of  sulfite. 

Surface  active  compounds  such  as  gelatin  at  concentrations  of  0.00125  to 
0.01^  have  no  effect  on  the  polarogram  of  RSeS03H.  This  was  found  for  neutral 
as  well  as  for  acid  solutions. 

At  the  R.D.M.E.  the  shape  of  the  polarograms  of  RSeS03H  is  the  same  as 
that  observed  at  the  D.M.E.  in  acid,  neutral  and  alkaline  solutions  in  the 
absence  of  surface  active  agents.  The  two  steps  at  the  R.D.M.E.  occur  at  more 
negative  potentials  than  at  the  D.M.E.,  an  observation  which  is  usually  made 
with  irreversible  waves.  Thus  in  a  phosphate  buffer  at  pH  7.U  the  halfwave 
potentials  of  the  two  steps  at  the  R.D.M.E.  are  -0.U6  and  -0.82  volts  respect¬ 
ively  as  compared  to  the  correspcmding  values  of  -0.39  and  -0.57  volt  at  the 
D.H.E.  These  differences  are  less  pronounced  at  lower  pH.  In  neutral  or 
alkaline  medium  the  second  step  is  higher  than  the  first  step.  Thus  at  pH 
7.1»  the  first  and  second  step  of  a  10"^M  RSeS03H  solution  were  U.7  and  5.8  ua 
respectively.  This  is  at  variance  with  the  behavior  at  the  D.M.B.  at  which 
the  two  steps  are  of  equal  height  in  these  media.  Also,  at  acid  pH  the  ratio 
il/l2  ie  larger  at  the  R.S.M.E.  than  at  the  D.M.E.  The  explanation  can  be 
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obtained  from  an  inspection  of  the  electrocapillary  curve  (Fig,  l)  from  which 
It  is  seen  that  RSeS03H  is  adsorbed  at  the  electrode  over  a  potential  range 
of  -0,12  to  -0,85  volt.  The  first  reduction  step  of  RSeS03H  which  occurs 
within  this  potential  range  is,  as  a  maximum  of  the  second  kind(9))  completely 
suppressed  while  the  second  step  which  occurs  at  or  beyond  the  desorption 
potential  of  RSeS03H  is  not  or  only  partially  suppressed  by  RSeS03H,  When 
gelatin  or  polyacrylamide  is  added  to  RSe903H  solutions  the  first  wave  remains 
unchanged  while  the  second  wave  is  suppressed.  However,  the  suppression  of  the 
second  wave  is  much  more  extensive  than  that  observed  previously  with  other 
lons(9).  Thus  in  a  10*^  RSeS03H  solution  (phosphate  buffer,  pH  7*U)  a  gelatin 
concentration  of  0,0025%  is  sufficient  to  reduce  the  height  of  the  second  wave 
to  zero  and  at  pH  5*U  0,0125%  gelatin  reduced  the  second  step  from  9,59  ua 
(no  gelatin)  to  0.60  ua.  At  pH  2.88  the  suppressive  effect  of  gelatin  is 
smaller  and  the  second  step  of  lO^M  RSeS03H  is  reduced  from  9.5  (without 
gelatin)  to  1(,1  ua.  An  explanation  for  this  peculiar  behavior  will  be  given 
shortly. 

Discussion, 

In  neutral  and  alkaline  media  the  diffusion  current  of  RSS03H  is  practically 
unaffected  by  pH,  Assuming  a  two  electron  reduction  in  this  pH  region,  a 
diffusion  coefficient  of  9.9  x  lO'^cm^sec"^  is  calculated  which  compares  favor¬ 
ably  with  that  of  2-iMrcaptoethylamlne  (8,9  x  10"^  cm^aoc"^)(7).  Thus  it  nay 
be  safely  concluded  that  the  cathodic  wave  of  RSS03H  in  neutral  and alkaline 
solutions  involves  2  electr<xi8.  The  electroreduction  obviously  takes  place  at 
the  sulfur-sulfur  bond  and  the  overall  reaction  in  alkaline  or  neutral  medium 
can  be  expressed  by  RS303“  +  2e  -  RS"  ♦  803“  (1) 

The  products  of  reaction  (1)  are  mercaptoethylanine  and  sulfite  which  is  not 
reduced  at  the  mercury  electrode  in  alkaline  or  neutral  medium(U). 

In  the  acid  pH  region  the  diffusion  current  of  RSSO3H  Increases  with 
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decreasing  pH.  This  can  be  explained  bjr  the  fact  that  sulfite  is  reduced  in 
acid  media  and  therefore  contributes  to  the  Increased  limiting  current  of 
RS303H  in  these  solutions.  Moreover,  it  is  seen  from  Fig,  3  that  the  eulfite 
wave  in  acid  solution  behaves  similar  to  the  RSSO3H  wave  in  that  its  limiting 
current  also  Increases  with  decreasing  pH.  The  mechanism  of  the  electro  re¬ 
duction  of  sulfite  has  been  discussed  by  Kolthoff  and  Miller(U)  and  more 
recently  by  Cermak(2).  Assiuning  that  the  two  electron  reduction  of  RSSO3H 
according  to  equation  (l)  gives  approximately  the  same  wave  height  in  alkaline 
and  acid  medium  the  contribution  of  the  reduction  of  sulfite  to  the  overall 
height  of  the  RSS03H  wave  can  be  calculated  at  various  acid  pH  by  deducting 
the  height  of  the  RSS03H  wave  at  pH  7,U  (no  sulfite  reduction)  from  the  overall 
helots  of  the  RSSO3H  waves  at  acid  pH.  For  10"^  RSSO3H  solutions  one  obtains 
2.1,  6.7  and  9*1  ua  at  pH  2.9  and  1,1  respectively.  These  values  are  of 
the  same  order  of  magnitude  as  the  heights  of  the  sulfite  waves  (3*7,  6,6  and 
8,8  ua)  obtained  with  10*^  sulfite  solutions  at  the  same  pH  (Pig.  3)*  This 
agreement  supports  the  assumption  that  sulfite  is  one  of  the  products  of  the 
electroreduction  of  RSSO3H  according  to  equation  (1). 

If  the  electrode  reaction  according  to  equation  (1)  were  reversible  the 
plot  log  (l<j-i)/l^  versus  the  potential  should  yield  a  strai^t  line  with 
slope  of  0.0295.  An  example  of  such  a  plot  obtained  with  a  10"^  RSS03H 
solution  (phosphate  buffer,  pH  7.U)  is  given  in  Fig.  U.  The  plot  is  a  straight 
line  with  slope  0.089.  Similar  results  were  found  in  solutions  at  pH  10.9 
and  2.9.  The  plot  log  (l(]-i)/i  versus  E  which  is  also  given  in  Fig,  U  is  a 
strai^t  line  of  slope  0,137  which  has  no  theoretical  meaning.  Since  sulfite 
is  one  of  the  products  of  reaction  (1)  it  was  thou^t  that  the  presence  of  an 
excess  of  sulfite  may  change  the  characteristics  of  the  wave*  Polarograms 
were  therefore  analyzed  of  ammoniacal  solutions  which  were  0.2M,  O.IM  and  0.02M 
in  sulfite.  For  a  reversible  wave  the  slope  log  (i^-i)/!  vs.  E  would  be  0,0295* 
However,  straight  lines  were  obtained  which  had  slopes  of  0.16.  All  these 
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Polarograras  of  10"5  y  Na2S0j  In 

;.)  0.05  M  Na,HPC4,  C.005  M  ?TaH2P04,  0.^5  v  ’TCI,  pH  7.4 

B)  0.005  M  Na2HP04,  0.05  M  NaH2P04,  0.85  M  'fCl,  pH  5.4 

C)  0.1  M  CHjCOOH,  1  M  KOI,  pH  2.9 

D)  0.1  M  HCl,  0.9  K  KOI,  pH  1.1 
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Pl!3ure  4,  Part  II 

Analysis  of  the  Wave  of  10“^  M  RSSO^H  in  Phosphate  -suffer, 
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observations  as  veil  as  the  behavior  of  the  vave  at  various  pH  point  to  the 
fact  that  RSS03H  Is  reduced  Irreversibly  at  the  D»H«E, 

The  sum  of  the  hel^t  of  the  two  steps  of  RSeS03H  Is  about  equal  to  the 
hel^t  of  the  RSSO3H  vave  In  the  same  pH  region.  Indicating  that  the  tvo  steps 
of  RSeS03H  correspond  each  to  a  one  electron  reduction.  Apparently  a  free 
radical  Is  Involved  and  the  tvo  reduction  steps  In  neutral  or  alkaline  medium 
oan  be  represented  \iiy  the  follovlng  equations: 

RSeS03T  e  -  RSe"  +  803“  (2) 

303“  +  e  -  303“  (3) 

RSe303-  +  2e  -  RSe"  +  SO3"  (1^) 

the  overall  reaction  being  analogous  to  that  of  equation  (1).  The  Increase 

of  the  height  of  the  second  vave  vlth  decreasing  pH  can,  of  course,  be  explained 
by  the  reduction  of  sulfite  In  acid  medium.  A  quantitative  evaluation  of  the 
contribution  of  the  sulfite  reduction  to  the  height  of  the  second  vave  can 
hardly  be  made  vlth  reasonable  accuracy  since  the  plateau  of  the  first  vave 
becomes  111  defined  as  the  acidity  Is  Increased.  The  halfwave  potentials  of 
the  second  vave  of  R3e303H  In  acid  solutloxu  (-O.38,  -0.51  and  -0*56  volt  at  pH 
1.1,  2.9  and  5*U  respectively)  are  approximately  equal  to  those  of  the  sulfite 
vaves  (-0*36,  -0.51  and  -0.6U  volt)  In  solutions  at  the  same  pH.  This  Is  the 
reason  vhy  a  separate  sulfite  vave  cannot  be  detected  In  polarograms  of  RSeS03H 
In  acid  solutions.  The  double  wave  obtained  with  a  10~3m  RSeS03H  solution  In 
an  arnnonla-ammonlum  chloride  buffer  (pH  9.2)  was  analyzed.  The  first  vave  gave 
a  plot  log  (1<]-1)/1  vs,  E  which  consisted  of  two  parallel  straight  lines  of 
slope  0.057  while  the  plot  log  (l<}-i)/i^  vs.  E  was  an  S-shaped  curve.  The  plot 
log  (Id-i)/!  vs.  E  of  the  second  wave  was  a  straight  line  of  slope  0.079  and 
the  plot  log  (l<i-l)/l^  vs.  E  for  this  wave  was  a  curved  line.  This  indicates 
that  the  waves  of  RSeS03H  are  irreversible. 

The  reactions  involved  In  the  third  wave  which  occurs  In  the  pH  region  of 


23. 

5  to  9  is  not  known.  Apparently  the  wave  which  is  extremely  high  at  low  pK 
and  low  at  high  pH  Is  of  a  catalytic  kinetic  nature. 

The  disappearance  or  partial  elimination  of  the  second  wave  of  RSeS03H  In 
the  presence  of  gelatin  at  the  RJ).M.E.  can  be  explained  by  the  §.ow  rate  of  the 
electrode  process  at  the  second  step  at  this  electrode.  Apparently  in  the 
presence  of  gelatin  the  reduction  is  still  more  sluggish.  It  is  thus  reasonable 
to  assume  that  the  free  radical  803',  instead  of  being  reduced*  polymerises 
according  to  2SOy  •  S2O6"  (5) 

to  form  dithionate.  Dithionate  is  inactive  at  the  mercury  electrode(lO)*  (6) 
and  the  second  wave  is  therefore  eliminated.  As  the  acidity  of  the  solution 
is  increased  the  suppressive  effect  of  gelatin  becomes  less  pronounced  and  the 
second  wave  is  only  pairtlally  suppressed  at  pH  2.86.  A  tentative  explanation 
would  be  the  assumption  that  the  polymerization  of  the  free  radical  SO3H*  to 
form  H2SO6  is  slower  than  the  electrode  process.  One  also  has  to  consider 
that  S2O6*  can  yield  sulfite(l)  Recording  to:  S?06"  +  H2O  -  H2SO3  +  30i|*(6) 

The  reduction  of  chemically  formed  sulfite  being  responsible  for  the  second 
step  of  the  polarogram.  Separate  experiments  with  sulfite  at  pH  2.88  at  the 
II.D.M.E,  showed  that  the  sulfite  wave  is  suppressed  by  gelatin  in  a  normal 
fashion. 
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Part  III 


Catalytic  Polarographle  Phenomena  In  Solutions  of  Organic  Sulfur 

Conpounds 


Introduction 


This  part  deals  with  investigations  of  a  number  of  peculiar  phenomena 
observed  at  the  dropping  mercury  electrode  in  ammoniacal  solutions  containing 
cobalt  and  sulfhydryl  or  disulfide  or  thiosulfate  compounds.  When  electro¬ 
lyzed  at  the  dropping  mercury  electrode>  many  of  these  compounds  give  high 
current  peaks  at  potentials  of  -l.U  to  -1.9  volts  versus  the  saturated  calomel 
cell.  Because  of  their  abnormal  height,  these  peaks  were  attributed  to 
catalytic  phenomena.  Since  its  discovery  some  30  years  ago,  a  tremendous 
amount  of  work  in  this  field  has  been  published  in  the  literature  all  over  the 
world.  However,  the  mechanism  of  the  electrode  reactions  involved  in  these 
phenomena  is  still  unexplained.  In  spite  of  this  fact,  the  catalytic  current 
produced  in  the  presence  of  sulfhydryl  and  disulfide  compounds  of  biological 
interest  such  as  proteins  and  amino  acids,  were  applied  widely  as  a  test  in 
the  diagnosis  of  cancer,  and  aroused  wide  interest  in  the  biological  and  blo- 
chemiccl  fields. 

In  recent  years,  sulfhydryl  and  other  sulfur  compounds  were  found  to  have 
radiation  protective  propez*tles,  and  many  investigations  of  these  confounds 
are  now  under  way.  In  this  connection  the  catalytic  effects  produced  by  these 
compounds  at  the  dropping  mercury  electrode  beceme  again  of  great  interest. 

The  polarographic  effects  ccm  be  helpful  for  a  study  of  the  interaction  of 
these  caiq)ounds  with  serum  proteins  before  and  after  Irradiation,  a  study 
which  may  throw  some  light  into  the  mechanism  involved  in  the  radiation 
protective  activity  of  these  compounds.  It  was  with  this  aim  in  mind  that 
the  present  studies  were  initiated,  this  work  consisting  of  three  series  of 
inter-related  studies. 

The  first  section  deals  with  the  study  of  Just  which  sulfur  conpounds  give 
a  "catalytic  wave",  and  at  which  concentrations,  since  not  all  the  meroaptans 
investigated  give  waves. 

The  second  part  consists  of  the  variaticm  of  eiq>erimental  conditions. 
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Variables  such  as  concentration  of  buffer  (ammonia,  ammonium  chloride),  the 
presence  of  the  metal  ions  of  mercupy(II),  eopper(II)  and  silver(I)  were  found 
to  effect  the  "catalytic  wave". 

The  third  section  of  this  work  is  the  description  of  a  few  preliminary 
experiments  vihich  were  performed  at  the  rotated  dropping  mercury  electrode* 
This  electrode  proved  to  be  as  versatile  as  the  dropping  mercury  electrode, 
and  enabled  the  investigation  to  be  extended  to  concentrations  which  were 
lower  than  those  performed  at  the  conventional  dropping  mercuzy  electrode  b7 
a  factor  of  ten. 


CATALYTIC  liIAVES 

It  has  been  known  for  some  tine  that  the  presence  of  small  amounts  of 
certain  mercaptans  will  markedly  change  the  shape  of  the  current-voltage  curves 
of  the  reduction  of  cobalt  and  nickel  ions  at  the  IM:. 

The  normal  current-voltage  curve  for  the  electrolysis  of  cobalt(II) 
ammlne  complex  (see  Fig.  lA)  is  characterised  by  a  decomposition  potential 
of  about  -1.1  volts  versus  SCE,  and  by  a  large  maximum  at  about  -1.25  volts 
vs.  SCE.  The  current  at  potentials  more  negative  than  -l.U  volts  cori'esponds 
to  the  normal  diffusion  current.  This  flat  diffusion  z*egion  continues  to 
about  -1.9  volts  vs.  SCE,  where  the  reduction  of  hydrogen  ions  begins  to  take 
place,  causing  a  sharp  Increase  in  current. 

Now  if  the  cobalt (II)  solution  mentioned  above  is  made  10~^  to  lO'^M  in 

mercaptan,  for  example  cystelno  (CSH),  an  entirely  different  cux*rent-voltage 

curve  will  be  obtained.  (See  Fig.  IB).  The  decomposition  potential  of  the 

cobalt(II)  anmine  complex  is  shifted  to  a  more  positive  potential,  indicating 

of  cobalt  (8). 

that  cysteine  c' tr-l/r'rs  t'yc  or  /  Most  notable,  however,  is  the  change 

brou^t  about  in  the  diffusion  current  region  of  the  cobalt(II)  ammine  wave. 

The  relatively  constant  diffusion  current,  irtiich  was  one  of  the  character¬ 
istics  of  the  cobalt(II)  wave,  is  replaced  hgr  a  "peak"  or  large  increase,  in 


Figure  1 ,  Part  III  27  JL* 

Effects  of  Cysteine  on  the  ?o '  aro'-^ram  of  Cobalt  (II)  Sulfate 
Polarogram  of; 

A)  10-5  M  C0SO4,  0.1  M  iIH3,  0.1  M  NH4CI  O 

B)  10“5  M  C0SO4,  0,1  M  NH3,  0.1  M  NH4CI,  and  10“5  M  CSH  c> 
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current)  which  la  many  times  hl^er  than  the  diffusion  current  of  cobalt (II). 

This  peak)  or  wave  begins  at  about  -1.3  volts  vs.  SCE)  passes  through  a 
maximum  In  the  range  -1.7  to  -1.9  voltS)  then  falls  off)  until  hydrogen  Is 
evolved*  The  relative  height  of  the  peak  or  wave  (the  names  will  be  used 
interchangeably  in  this  report)  Is  indicated  by  Icat  in  Figure  IB)  aivl  Is 
determined  by  subtracting  the  current  due  to  the  reduction  of  the  cobalt(II) 
Ion,  ico  from  the  to^^^urrent  at  the  peak)  Itotal*  or) 

icat  ■  itotal  “  ^Co  (i) 

The  final  Increase  In  current  at  *1*9  volts  versus  SCE  le  again  due  to 
the  evolution  of  hydrogen. 

The  results  of  the  first  comprehensive  study  of  this  peak  on  the  cobalt 
wavi^Lxilcated  that  the  hei^t  of  this  wave  depends  on  the  concentration  of 
the  mercaptan  and  cobalt  Ion)  and  Is  affected  by  the  concentrations  of  the 
buffer  and  any  other  electrolytes  present  in  the  solution.  The  reaction  in¬ 
volved)  according  to  this  investigation  (3)  is  the  catalytic  evolution  of 
hydrogen.  Brdicka  (3)  therefore  called  these  waves  "catalytic  hydrogen  waves". 

Brdlcka  considered  two  possible  mechanisms  for  hydrogen  evolution)  in¬ 
volving  two  different  "catalysts".  First,  the  production  of  a  cobalt  amalgam) 
which  acts  as  a  catalyst,  or,  second,  the  production  of  an  activated  font  of 
the  mercc^tan,  which  acts  as  a  catalyst. 

Ukovlc  (7)  found  that  the  polarographic  wave  of  cobalt(II)  chloride, 
in  the  absence  of  any  trace  of  electrolytes)  does  not  show  the  nomal  diffusion 
current  of  cobalt,  but  rather,  that  the  current  increases  almost  linearly  with 
increasing  applied  potential.  Ukovlc  explained  this  effectMue  to  the  evolut¬ 
ion  of  hydrogen,  catalyzed  by  the  cobalt  amalgam  formed.  According  to  EMieka, 
this  effect  (catalytic  evolution  of  hydrogen  by  means  of  cobalt  amalgam) 
cannot  occur  in  the  case  of  the  catalytic  hydrogen  waves  caused  by  mercaptans 
because  of  the  presence  of  large  amounts  of  electrolytes;  in  fact,  these 
catalytic  waves  will  not  occur  in  the  absence  of  electrolytes.  Ilkovic's 
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mechanism  must  also  be  discarded,  according  to  Brdlcka,  because  cobalt(III) 
Ions  do  not  give  the  catalytic  waves  with  cysteine,  which  they  should  If  the 
formation  of  an  amalgam  Is  necessary. 

Later  work  has  cast  some  doubt  on  the  validity  of  the  cobalt  amalgam 
catalyst  theory.  It  has  been  found  (8)  that  oobalt(III)  Ion  does  Indeed  give 
a  catalytic  wave  with  cystine. 

The  mechanism  considered  by  Brdicka  (3)  Is  that  of  the  reduction  of  the 
mercaptan,  or  formation  of  an  activated  form  of  mercaptan.  According  to  this 
theory,  the  sulfhydryl  group  (RS“)  Is  supplied  to  the  electrode-solution 
Interface  by  some  cobalt(II)  conplex.  Once  at  the  Interface,  the  sulfhydryl 
group  is  attracted  to,  and  Is  activated  by,  the  potential  gradient  near  the 
electrode,  the  activated  sulfhydryl  group  (US'**)  then  acquires  a  proton  front 
a  well  buffered  solutlonj  It  Is  this  proton,  attached  to  the  activated 
sulfhydryl  group,  which  Is  reduced. 


RS“ 

- 

RS-*, 

in  the  potential  gradient 

(2) 

RS-» 

+ 

K20  - 

RSH»  +  OH- 

(3) 

RS»^ 

+ 

e  - 

iH2  +  RS- 

(U) 

OH- 

4* 

- 

H20 

(5) 

where  RSH  refers  to  the  general  formula  of  mercaptans.  The  RS"  formed  In 
reaction  (U)  rapidly  re-cvcles  through  the  first  step  of  the  mechanism,  and 
the  concentration  of  hydrogen  ions  near  the  electrode  is  maintained  hf  the 
buffer.  The  overall  reaction  is  then  the  decon^osition  of  water. 

The  main  trouble  with  the  mechanism  of  Brdicka  Is  that  it  does  not  ex¬ 
plain  the  role  of  the  cobalt  ion;  once  at  the  electrode  surface,  the  RS‘ 
is  re-cycled  through  the  process,  and  cobalt  ion  does  not  enter  into  the 
picture  anymore. 

In  a  more  recent  study,  Breaina  (1),  using  the  hanging  drcp  mercury  elec¬ 
trode,  Indicates  that  the  formation  of  a  cobalt  amalgam  is  not  involved.  In 
his  series  of  e^qperlnents,  Breslna  allowed  cobalt  amalgam  to  foan.  on  the 
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\  mercury  drqp  by  electrolyzing  for  severe!  minutes  at  -1.1  volts  versus  SCE 

before  taking  the  polarogram  of  the  catalytic  maximum.  It  was  found  that  a 
decrease)  rather  than  an  increase)  in  height  of  the  catalytic  wave  occurred. 
Brezina  also  found  that  ethylenedianinetetracetic  acid  could  remove  the 
catalytic  wave;  this  is  probably  due  to  the  effective  removal  of  cobalt  ftron 
the  reaction  series  by  the  EDTA. 

Brezina  reports  (1)  that  certain  amino  acidS)  namely  histamine)  histidine) 
and  uric  acid)  give  catalytic  waves,  and  states  that  "almost  all  sulfhydryl 
compounds  give  the  catalytic  effect  in  cobaltous  solution,  whereas  only  a  few 
nitrogen  compounds  without  sulfhydryl  grot^s  are  catalytlcally  active". 

Brezina  also  states  that  the  cobalt (II)  and  nickel(II)  ions  form  chelates 
with  proteins  and  amino  acids,  and  in  doing  so,  facilitate  the  electrode  re¬ 
duction  of  hydrogen.  Since  ftrezina's  theory  requires  a  chelate  at  the  potential 
'  at  which  the  maxima  occurs,  he  has  to  assume  that  the  metal  "remains  in  the 

catalytlcally  active  complex  for  some  time  after  its  reduction".  Thus, 
cobalt  in  oxidation  state  zez*o  would  have  to  form  a  complex  which  is  stable 
enough  to  act  as  a  catalyst. 

Kalous  (6)  also  studied  the  catalytic  deposition  of  hydrogen  at  the  hanging 
mercury  electrode,  and  came  to  the  conclusion  that  it  cannot  be  excluded  that 
cobalt)  reduced  from  some  complex  other  than  the  hexamine)  takes  part  in  the 
catalytic  reaction. 

Frazer,  Owen,  and  Shaw  (U),  in  a  study  of  a  series  of  mercapto-acids,  found 
that  only  the  alpha-mercapto  acids  gave  catalytic  waves  in  the  usual  sense 
(a  recognizable  peak  at  10"5h  concentration),  the  beta-mercapto  acids  giving 
only  a  poorly  defined  inflection  point  under  the  sane  conditions.  Also,  it 
was  reported  by  Shaw  et  al.  that  the  presence  of  an  amino  groiq>  greatly  in¬ 
creases  the  hei(^t  of  the  maxima  which  a  compound  will  produce.  For  example, 
these  authors  found  that  3Hneroaptopropionio  acid  does  not  give  a  peak,  while 
homocysteine  (ganaia-ffiercapto-alpha-aminobutyrie  acid)  gave  a  wave.  These 
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authors  also  concluded  that  a  compound  would  not  give  a  cataljrtlc  peak  unless 
It  contained  a  carboxyl  group* 

Up  until  this  point,  all  the  theories  discussed  considered  the  catalytic 
maxima  to  be  due  to  the  evolution  of  hydrogen.  Weronski  (13)»  however,  proved 
that  the  catalytic  peak  was  due  to  an  increase  in  the  rate  of  the  reduction 
of  cobalt,  not  the  evolution  of  hydrogen.  Weronski  passed  equal  currents 
through  Identical  solutions  (10~^M  cobalt(II)  chloride,  lO'^i  cystine,  O.IH 
ammonia,  and  O.IM  ammonium  chloride),  at  two  different  potentials,  -1.35  volts, 
and  -1.65  volts.  The  only  reaction  occurring  at  -1.35  volts  is  the  reduction 
of  cobalt(II)  ions  while  at  -1*65  volts,  the  potential  of  the  catalytic  peak, 
there  are  two  possible  reactions.  First,  the  deposition  of  cobalt  alone,  or, 
second,  the  combined  deposition  of  cobalt  and  hydrogen.  After  the  passage  of 
equal  amounts  of  electricity  throu^  the  solutions  at  the  two  different 
potentials,  it  was  found  that  the  cobalt  waves  were  reduced  by  the  same  amount 
in  both  cases.  Thus,  the  same  reaction  must  have  taken  place  at  both  potentials 
l.e.,  deposition  of  cobalt*  Weronski  goes  on  to  suggest  that  the  cobalt  ions 
are  probably  transported  to  the  electrode  surface  in  a  manner  similar  to  that 
observed  in  a  polarographlc  maxima,  that  Is,  by  movemni  of  the  solution  at 
the  solution-electrode  interface. 

Stricks  and  Kolthoff  (1)  have  devised  a  rotated  dropping  mercury  electrode 
(KCHE),  the  sensitivity  of  whidi  is  about  ten  or  more  times  as  great  as  the 
conventional  DME. 

This  electrode  consists,  essentially,  of  a  rotated  U  tube  from  which  mercury 
droplets  are  dislodged  upwards  into  the  solution.  The  speed  of  rotation  is  be¬ 
tween  100  and  300  revolutions  per  minute. 

Currents  at  this  electrode  are  actually  maxima  of  the  second  kind,  that  is, 
currents  caused  by  motion  of  the  mercury  in  the  drop.  As  currents  at  the  REME 
are  usually  controlled  by  stirring,  it  will  be  of  interest  to  see  whether 
catalytic  waves  also  occur  at  this  electrode. 
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MATERIALS  AND  BQUIW'ENT 

Sargent  Model  XXI  Automatic  Recording  Polarograph,  Constant  Temperature  Water 
Bath,  Beakers  and  Plpets  of  various  slsea.  Volumetric  Flasks,  1000,  ^00,  100, 


and  ^0  ml. 

Reagents 

Sources 

Molarity  of  Stock  Solution 

CuSOlfS  R20 

Malllnckrodt 

10“2,  10-3 

Ag2S0^ 

Malllnekrodt 

10-3 

HgCl2 

Merck 

10-3 

CoSOU.7  H20 

Malllnckrodt 

CM 

CoC12*6  H2O 

tl 

10-2 

Co(NH3)6Cl3 

G.  Frederick  Smith  Chsm.  Co. 

.  10-2 

NiCl2.6  H2O 

Malllnckrodt 

10-2 

NHl^Cl 

Baker 

2 

KCl 

Malllnckrodt 

2 

KI 

n 

2 

KNQ3 

H 

2 

NH3 

du  Pont 

5 

Oelatin 

Atlantic  Oelatin  Co. 

0.5SS 

Kercaptans  Used: 

(all  stock  solutions  of  mercaptans  being  lO'^M). 

Amlnoethylisothlouronlum  bromide  hydrobromlde. 

H2NCH2CH2SC(NH2)(NH) .2HBr 

Walter  Reed 

Institute  of  Research,  representation:  AET 

Note:  the  compounds  anlnoethylisothioronium  bromide  hydrobronide  and  amino- 
pr(^yllsathlouronlum  bromide  hydrobromlde  undergo  rearrangement  in  alkaline 
medium  to  form  the  respective  mercaptoalkyl  guanidines,  mercaptoethgrl  guanidine 
and  mercaptopropyl  guanidine: 

H2N  CH2CH2SC(NH2)(NH).2HBr  +  NaOH  -  HSCH2CH2NHC(NH2)(NH) .HBr  ♦  NaBr  +  H2O 

Amlnopropylisothlouronlum  bromide  hydrobromlde  •>  H2NCH2CH2CH2SC(NI^)(NR)*2HBr 
Walter  Reed  Institute  of  Research,  representation:  AFT 

Meroaptoethylamine  hydrochloride  -  HC1*H2NCR2CH2SH 

Walter  Reed  Institute  of  Reseaurch  -  representation:  HEA 

2-«ninoethanethiosulfuric  acid  -  H2NCH2CH2SSO3H 

Walter  Reed  Institute  of  Research,  representation:  RSSO3H 
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2-aminoethane8elenosulfuric  acid  -  H2NCH2CH2SeS03H 

Walter  Reed  Institute  of  Research,  representation*  R3e303H 

2- inercaptoethanol  -  HO  CH2CH2SH 

Eastman  Organic  Chemicals 

3- mercaptopropylamine  hydrochloride  »  HCl.H2NCH2CIfeCH2SH 

Walter  Reed  Institute  of  Research 

M-decylaminoethane  thiol  -  (CioH2l)HHCH2CH2SH 

Walter  Reed  Institute  or  Research  -  Note:  the  sample  was  not  soluble,  but 
gave  a  colloidal  suspension  after  treatment  of  0.1087  g.  of  the  sample 
with  10  ml.  of  IM  sodium  hydroxide  and  dilution  to  500  nO.. 

N,N*-bia(mercaptoacetyl)  hydraaine  -  HSCH2CONHNHCOCH2SH 
Whiter  Reed  Institute  of  Research 

Diethyldithiocarbamic  acid  (sodium  salt)  -  (C2H5)2NC3SNa*3  H2O 
Eastman  Organic  Chemicals 

!»(♦)  cysteine  monohydrochloride  monohydi*ate  —  HSCH2CH(NH2)COOH.HC1.H20 
Pfanstiehl,  representation:  CSH 

3-niorcaptopropionic  acid  -  HSCH2CH2COOH 

Eastman  Organic  Chanicals,  representation:  PSH 

Mercaptoacetic  acid,  or,  thioglycolic  acid  -  HSCH2COOH 
Eastman  Organic  Chemicals,  representation:  TSH 

Thiomalic  acid  -  HOOCCHSHCHeCOOH 
Evans  Chemetlcs 

Thiolactic  acid  -  CH3CHSHCOOH  —  Evans  Chemetlcs 

Thiosalicylic  acid,  or,  O-hydroxybenzoic  acid  -  HO  C^HljCOOH,  Evans  Chemeties 

N,N-dimethylaminoethanethiol  hydrochloride  -  HC1»(0H3)2NCH2CH2SH 
Evans  Chemetlcs 

2-amino-l-pentanethiol  -  CH3CH2CH2CH(NH2)CH2SH 
Walter  Reed  Institute  of  Research 

The  characteristics  of  the  DME  used  are*  m  -  1.985  mg/sec 

t  -  U.07  sec. 
h  -  67.8  cm. 

These  characteristics  were  measured  in  O.IM  potassium  chloride,  at  25®C,  with  no 
potential  Impressed  on  the  DME. 

The  characteristics  of  the  RWIE  used  are*  m  ■  15*28  mg/sec 

t  -  3.9  sec, 
h  >  52.0  cm. 
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These  characteristics  were  measured  in  0*1H  potassium  chloride  at  with 

no  potential  inqpresMd  on  the  RDME» 

PROCEDURES 

Preparation  of  Solutions: 

All  solutions  were  prepared  with  double  distilled  water.  Mercaptan  solut¬ 
ions  were  prepared  in  water  which  had  been  made  oxygen  free  by  passing  a  stream 
of  nitrogen  (Linde.  99^996%  pure)  throu^  for  1$  minutes;  these  solutions  were 
preserved  by  continuous  passage  of  nitrogen  throu|^  them.  Fresh  solutions 
were  prepared  dally.  These  precautions  were  not  taken  with  the  disulfides  and 
the  Bunte  salts,  RSSO3H  and  RSeS03H,  as  these  are  not  oxidized  by  oxygen. 

Sample  Experiment:  Into  a  beaker  were  added  enou^  ammonia,  aimonlum  chloride, 
inert  electrolyte  (if  any  was  added)  gelatin,  and  water  to  make  the  final 
volume  of  solution,  including  cobalt(II)  or  any  other  metal  ion  and  mercaptan, 
exactly  IjO.OO  ml. 

The  background  electrolyte  (without  metal  ion  or  mercaptan)  was  deaerated 
with  nitrogen  which  had  been  passed  throu^  three  bottles  of  ammonia-aamonium 
chloride  solution  of  the  same  concentration  as  that  of  the  solution  to  be 
electrolyzed.  To  the  deaerated  electrolyte  was  then  added,  by  means  of  a  plpet, 
the  proper  amount  of  cobalt (II),  or  any  other  metal  ion  solution.  The  electro¬ 
lyte-metal  ion  solution  was  then  deaerated,  and  the  proper  aswunt  of  oxygen 
free  mercaptan  solution  was  added. 

The  potential  of  the  DME  was  varied  continuously  from  0  to  -2.0  volts  vs. 
SCE,  and  the  current  was  recorded  automatically  with  a  Scurgent  model  XXI  Polaro- 
graph.  The  current  was  then  measured  at  the  appropriate  potentials.  The  drop 
time  of  the  electrode  and  the  pH  of  the  solution  were  measured  after  each 
experiment. 
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RESULTS  AND  DISCUSSIOJ 

The  effect  on  the  cobalt(II)  aimine  wave  of  the  mercaptans  and  Bunte  ealtS) 
mercaptoethyl  guanidlnei  mercaptojiropyl  guanidlnei  2-mercaptoethylainlne > 
2-aminoethanethlo8ulfurlc  acid,  2-aininoethane8elenosulfurlc  acid,  2-4nercapto- 
ethanol,  3*-n>ercaptopropylainine,  N-decylamlnoethane  thiol,  N,N'-bi8(mercapto- 
acetyl)  hydrazine,  dlethyldlthiocarbamic  acid,  cysteine,  3'’niercaptopropionlc 
acid,  mercaptoacetic  acid,  thiomallc  acid,  thlolactic  acid,  thlosalicylic  acid, 
N,N-diinethylamlnoethane  thiol,  and  2-anino-l>pentane  thiol  were  investigated. 

The  compounds  listed  in  Table  I  gave  catalytic  maxima  at  concentrations 
of  U  X  10~^  or  greater,  while  the  other  compounds  Investigated  gave  catalytic 
maxima  only  at  concentrations  of  the  order  of  10~%  or  greater.  (See  Table  IV) 

The  particular  effects  noted  for  the  eight  compounds  found  to  give  catalytic 
maxima  will  be  discussed  in  the  order  of  conditions  varied. 

Variation  of  Concentration  of  Hei*eaptan:  The  polarograms  obtained  with  the 
various  mercaptans  listed  in  Table  I  are  all  similar  in  appearance,  and  resemble 
that  given  in  Fig.  1,  as  well  as  those  determined  by  Brdicka  (3)  for  cysteine. 

The  concentration  range  over  which  these  mercaptans  were  able  to  induce 
the  catalytic  effect  was  found  to  begin  at  about  10**^  and  to  continue  to  about 

In  general,  it  was  found  that  peaj^  hel^t  varied  linearly  with  concentrat¬ 
ion  of  mercaptan  over  the  range  2  x  10”^  to  2  x  10“^,  althou^  there  is  some 
variation  among  the  compounds  themselves.  For  exanple,  the  peak  height  due  to 
thiomalic  acid  varies  linearly  with  concentration  up  to  a  concentration  of 
U  X  10**^,  while  that  of  CSH  was  linear  only  up  to  10'^.  (See  Fig.  2). 

Concentrations  higher  than  7  x  10~^M  were  not  Investigated  in  the  cases 
of  those  compounds  which  gave  a  peak  at  low  concentrations  because  the  height 
of  the  catalytic  peak  becomes  independent  of  the  mercaptan  concentration  at 
these  high  concentrations;  this  is  illustrated  by  the  levelling  off  of  the 
concentration  versus  peak  height  curve.  (See  Fig.  2). 
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Figure  2,  Part  III 

Effect  of  Concentr.'tion  of  Mercaptan  on  Peak  Height 
All  Solutions:  0,1  M  Ammonia,  0,1  M  Ammonium  Chloride,  and  Variable 
a)  N,N-dimethylaminoethane  thiol,  10"3  H  O0CI2,  and  0, ©012556  Gelatin 

B)  2-amlno-1-pe  tane  thiol,  10~3  M  CoClp,  and  0,0012556  Gelatin 

C)  MEA,  10-3  M  C0SO4,  and  no  Gelatin 

P)  MEA,  10“3  M  C0SO4,  and  0.00375^  Gelatin 

E)  RSSO3H,  10“3  M  O0SO4,  and  no  Gelatin 

P)  Thlolactlc  Acid,  10-3  M  C0CI5,  and  0,0012556  Gelatin 

G)  OSH,  10-3  M  O0CI2,  and  0.0012556  Gelatin 

H)  TSH,  10-3  M  OoOlo,  and  0.00125^  Gelatin 

I)  Thlomallc  Acid,  T0-3m  0o0l2»  and  0,0012556  Gelatin 


V  o'fcD 


36 


Table  I. 

Height  and  "Peak  Potential"  of  the  Catalytic  WaTca  of  Various  Mercaptans  (RSH) 
at  Various  RSH  Concentrations. 

All  Solutions:  10“3m,  CoCl2,  O.IM  NH3,  O.IM  NHUCl,  and  0.001255*  Gelatin. 


RSH  X  10“6 

4 

> 

li 

6 

8 

ua* 

volts* 

ua  volts 

ua  volts 

ua  volts 

N , N-Dimethylamlnoe thane 

Thiol 

- 

- 

0.7  -1.66 

tm 

- 

2-amlno-l-pentane  Thiol 

2.U 

-1.6U 

U.l  -1.66 

8.1  -1,67 

MEA  (1) 

- 

- 

2.U  -1.60 

U.6  -1.6U 

5.6  -1.66 

RSSO3H  (1) 

— 

- 

3.0  -1.68 

- 

7.2  -1.66 

Thiolactie  Acid 

3.U 

-1.7U 

6.6  -1.7U 

- 

13.2  -1.78 

CSH 

9.0 

-1.65 

17.6  -1.68 

••  M 

31.6  -1.70 

TSH  (2) 

6.6 

-1.80 

13. U  -1.81 

- 

2b.8  -1.8b 

Thionalic  Acid 

5.8  -1.68 

10 

13.8  -1.69 

20 

M  m 

ho 

27.6  -1.71 

50  70 

ua 

volts 

ua  volts 

ua  volts 

ua 

volts  ua  volts 

N , N>Dlme thylaminoe tha  ne 

Thibl 

2.6 

-1.70 

7.5  -1.70 

18.6  -1.7U 

- 

-  39.1  -1.80 

2-amino-'l~pentane  Thiol 

10.5 

-1.68 

22.5  -1.69 

38.5  -1.7U 

- 

-  58.2  -1.80 

MEA  (1) 

8.2 

-1.6U 

18.8  -1.69 

38.0  -1.7U 

-1.1663.7  -1.77 

RSSO3H  (1) 

8.8 

-1.66 

20.0  -1,69 

hl.U  -1.7U 

- 

-  62.6-1.78 

Thiolactie  Acid 

17.8 

-1.80 

36.0  -1.81 

66.6  -1,8U 

- 

-  101.5  -1.90 

CSH 

36.8 

-1.72 

57.2  -1.77 

73.8  -1.79 

- 

-  91.8  -1.8b 

TSH  (2) 

33.0 

-1.83 

76.8  -1.89 

129.7  -1.95 

- 

.  . 

Thlomalic  Acid 

30.8 

-1.72 

59.9  -1.78 

116.0  -1.8U 

- 

-  161.0  -1.89 

»ua  refers  to  microanpereS)  volts  refers  to  the  potential  at  which  the  peak 
was  measued 

(1)  10“3m  CoSO^  not  10“3K  C0CI2,  and  no  Qelatin 

(2)  The  actual  mercaptan  concentrations  are  2.01,  U.Olf  6,02,  10.3,  25.5,  and 
UO.l  X  10^,  rather  than  2,  U,  8,  10,  20  and  bO  x  10*^. 
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It  will  b«  noticed  that  the  graphs  of  Figure  2  do  not  pass  through  the 
origin  as  would  be  expected.  This  effect  was  also  noted  by  Brdlcka  (3)  who 
attributed  It  to  the  absorption  of  mercaptan  on  the  walls  of  the  qjparatus. 

For  a  given  mercaptan,  the  potential  at  which  the  peak  occurs,  denoted 
here  as  "peak  potential",  shifts  to  more  negative  values  as  the  concentrations 
of  mercaptan  Increases,  (See  Table  I). 

For  different  mercaptans  at  the  same  concentration,  the  peak  potential 
shifts  to  more  negative  values  as  the  height  of  the  wave  increases.  Thus,  at 
a  given  mercaptan  concentration,  the  mercaptan  which  gives  the  hlf^et  peak 
probably  win  have  the  most  negative  peak  potential. 

If  one  combines  the  trend  in  the  peak  potential  with  variation  of  mercaptan 
concentration,  and  with  that  of  variation  of  the  specific  mercaptans,  the  peak 
potential  becomes  more  negative  as  one  goes  from  left  to  right,  or,  from  top 
to  bottom  in  Table  I.  In  general,  the  trends  indicate  that  the  higher  the  peak, 
the  more  negative  the  peak  potential. 

It  happens  qxilte  often,  because  of  the  large  currents  involved  in  catalytic 
maxima,  that  the  current-voltage  curve,  as  recorded  by  the  automatic  instrument 
is  quite  irregular.  This  situation  was  usually  remedied  by  the  addition  of  a 
trace  (0,0012$^)  of  gelatin.  It  was  found  that  gelatin,  in  concentrations  of 
up  to  0,00375^,  has  very  little  or  no  effect  on  the  height  or  peak  potential 
of  MEl.  (See  Table  11). 

The  relatively  small  effect  of  gelatin  indicates  that  the  process  controll¬ 
ing  the  catalytic  maxima  is  not  the  same  as  that  in  other  polarographic  maxima, 
since  polarographic  maxlina  are  usually  reduced  In  height  by  the  presence  of 
trace  amounts  of  gelatin. 

It  should  also  be  mentioned  that  the  anion  of  the  cobalt  salt  (either 
sulfate  or  chloride)  has  no  observable  effect  on  the  helf^t  or  peak  potential 
of  the  peak  of  MEA,  (See  Fig.  2,  curves  C  and  D). 

It  was  found  that  the  height  of  the  peaks  produced  by  RSSO3H  and  VEk  are 


Table  II, 


Effect  of  Gelatin  on  the  Height  of  the  Catalytic  Maximum  of  KEA 
All  Solutions:  10"3m  CoSO^,  O.IM  NH3,  O.IM  NHijCl,  and  Various  MEA 
Concentrations  in  the  Absence  of  Gelatin  and  in  the 
Presence  of  0*0037^$  Gelatin. 


MEA  X  10-6 

h 

6 

10 

20 

30 

1*0 

50 

70 

ua,  no  Gelatin 

2.1* 

U.6 

8.2 

18.8 

29.1* 

38.0 

U9.6 

63.7 

at...  Tolts 

-1.60 

-1.61* 

-1.61* 

-1.69 

-1.72 

-1.7li 

-1.76 

-1.77 

ua,  0.00375$ 
Gelatin 

3.0 

l*.l* 

8.2 

18.0 

27.1* 

39. ii 

1*5.8 

65.6 

at...  Tolts 

-1.61* 

-1.6U 

-1.66 

-1.70 

-1.70 

-1.7li 

-1.75 

-1.78 
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quite  almilar.  The  Bunte  salt  can  be  reduced  to  MEA,  the  propoeed  reaction 
being  (12) 

RSSO3H  +  2  e  -  MEA  +  SO3-  (6) 

the  halfwave  potential  of  this  reaction  being  about  -1.1  volts  versus  SCE, 

Thus>  RSSO3H  is  converted  to  MEA  at  the  electrode  surface,  and  the  MEA  is  the 
actual  species  Involved  in  the  catalysis.  The  amount  of  MEA  present  at  the 
electrode  surface  will  be  controlled  by  the  differences  in  the  rate  of  diff¬ 
usion  of  RSSO3H  to  the  electrode  surface  and  the  rate  of  diffusion  of  MEA  away 

from  the  surface.  Because  of  the  similarity  of  MEA  and  IiSS03H,  and  probable 
small  difference  in  diffusion  coefficients,  the  rate  of  diffusion  to  and  from 
the  electrode  will  be  about  equal.  It  follows  then  that  the  system  with  RSSO3H 
near  the  electrode  surface  can  be  treated  the  same  as  if  the  bulk  of  the 
solution  tiere  a  solution  of  MEA  of  the  same  concentration  as  the  actual  concen¬ 
tration  of  a3S03H.  Thus,  provided  that  the  diffusion  coefficients  are  nearly 
equal,  MEA  and  RS303H  should  give  catalytic  waves  of  the  same  height. 

Concluding,  it  can  be  seen  that  the  catalytic  maxima  depends  on  the  species 
of  mercaptan  at  the  electrode  surface,  and  not  on  the  species  in  the  bulk  of 
the  solution. 

It  is  of  interest  to  note  that  experiments  with  2-aminoethaneselenosulfuric 
acid  (RSeS03H)  revealed  that  this  compound  does  not  give  a  catalytic  effect. 

The  effect  thus  seems  to  be  specific  for  sulfur  compounds. 

The  formulas  of  the  compounds  found  to  give  catalytic  waves  are  given  in 
Table  III. 

The  most  interesting  and  obvious  difference  in  behavior  of  the  compounds 
investigated  can  be  seen  by  comparing  the  data  for  2-mercaptoethylamlne  and 
thio^ycolic  acid  with  that  of  the  next  highest  homologs,  3Hnercaptopropylamine 
and  3*mercaptopropionlc  acid.  At  a  concentration  of  2  x  10”^,  the  first  two 
compounds  give  peaks  of  18,8  and  76.8  ua,  respectively,  while  at  the  same 


Table  III. 

Formulas  of  the  ^eroaptans  Found  to  Give  Catalytic  Peaks: 


H2NCH2CH2SH 
CH3CH2CH2CH( NH2 ) CH2SH 
H2NCH2CH23SO3H 
(CH3)2NCH2CH2SH 
Jr)OCCH(NH2)  CH2SH 
nX)CCH2Slf 
CH3CHSHCOOH 
HOOCCHSHCI^OOH 


2-nercaptoethylamine 
2-amlno-l-pelitane  thiol 
2>aminoethanethiosulfurlc  acid 
N,N-dimethylaininoethane  thiol 
cysteine 

thioglycolic  acid 
thiolactic  acid 
thiomalic  acid 


concenbratlon,  the  second  two  do  not  even  cause  any  Irregularities  in  the 
cobalt  diffusion  wave. 

The  coirpounds  which  give  a  catalytic  wave  all  have  one  thing  in  common 
with  each  other,  and  one  thing  different  from  the  compounds  which  do  not  give 
a  catalytic  wave,  and  that  is  an  ethyl  "stem"  with  a  mercaptan  group  on  the 
number  one  carbon  atom,  and  a  carboxyl  or  an  amino  group  on  the  number  two 
carbon  atom,  respectively.  The  compounds  2-mercaptoethylamine  and  thioglycolic 
acids  are  of  this  foim.  On  the  other  hand,  the  compounds  3'*mercaptopropylamlne 
and  3-mercaptoproplonlc  acid  do  not  give  a  catalytic  peak,  and  they  do  not 
have  the  ethyl  stem  with  sulfhydryl  and  amino  or  carboxyl  groups  on  adjacent 
carbon  atoms. 

The  addition  of  a  -COOH  gro»;p  increases  the  height  of  the  catalytic  peak. 
For  example,  the  catalytic  peak  of  cysteine  (stem  plus  -COOH)  ia  three  times 
as  high  as  that  of  2-mercaptoethylamine  (plain  stem),  the  heights  being  57.2 
and  18,8  ua  resoectively,  for  solutions  which  were  2  x  10“5m  in  mercaptan, 

10-3m  in  cobalt(II),  O.IM  in  ammonia  and  ammonium  chloride,  and  0.00125)K  in 
gelatin. 

This  increase  in  current  caused  by  the  addition  of  a  carboxyl  group  or  an 
amino  group  is  in  agreement  with  the  results  published  by  Fraser,  Owen,  and 
Shaw  (U),  and  Brezina  (1). 

Fraser,  Owen,  and  Shaw  found  that  all  the  alpha-mercapto  acids  investigated, 
namely  alpha-mercaptopropionic  acid,  mercaptosuccinic  acid,  alpha-mercapto- 
glutaric  acid,  alpha-mercaptoadipic  acid,  and  alpha-alpha '-dimercaptoadlpic 
acid  all  gave  catalytic  peaks  in  the  range  -1.8  to  -1.9  volts  vs.  SCE«  This 
study  (I4)  also  showed  that  the  beta-mereapto  acids  gave  only  a  slight  Inflection 
point  at  -1.8  volts  vs.  SCE. 

It  is  also  of  interest  that  the  alpha-alpha '-dimer captoadipic  acid  (U) 
which  has  two  clusters  of  functional  groups,  each  having  one  sulfhydryl  grovq} 
and  one  carboxyl  group  in  close  proximity,  gave  a  wave  which  was  about  twice 
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M  high  as  that  of  alpha-mercaptopropionlc  acid,  which  has  just  ons  such 
cluster.  The  structural  fomulas  of  these  compounds  are: 

HOOCCHSHCH2CH2CHSHCOOH  alpha-alpha 'odinereaptoadiplc  acid 

HOOCCHSHCH3  alpha-mercaptopropionic  acid 

These  authors  (1:)  state  that  homocysteine  (gama-mercapto-alpha-amlnobutyric 
acid)  gives  curves  almost  identical  to  those  of  cysteine.  From  these  data, 
the  authors  (U)  concluded  that  the  presence  of  the  amino  group  greatly  Increases 
the  sensitivity  of  the  catalyzed  reaction  of  the  mercapto  acids. 

In  the  second  study  (1)  it  was  found  that  the  compounds  histamine>  histi¬ 
dine  y  and  uric  acid  (none  of  which  contain  an  -SH  gro:q>)  gave  catalytic  maxima, 
although  these  maxima  were  considerably  lower  than  those  compounds  containing 
an  -SH  group. 

Our  results,  and  those  of  Praemr,  Owen,  and  Shaw,  and  Brezina  are  in 
agreement.  The  data  of  all  three  studies  indicate  that  the  amino  group  not 
only  increases  the  sensitivity  of  the  catalysts,  as  in  (U)  but  can  actually 
bring  about  the  reaction.  For  example,  3'*mercaptopropionic  acid  does  not  give 
a  wave,  whereas  cysteine  (2-amino-3-mercaptopropionic  acid)  does.  All  three 
of  these  studies  Indicate  a  general  rule,  and  that  is}  the  species  causing 
the  catalytic  peak  contains  at  least  two  or  three  different  types  of  f  unctional 
groiips,  the  possible  groups  being  the  sulfhydryl,  amino,  and  carboxyl  grovqps. 

It  the  compound  contains  only  two  functional  groups,  they  must  be  in  the  alpha 
position  to  each  other,  as  in  the  case  of  2-mercaptoethylamine.  If  the  species 
contains  more  than  two  of  the  three  possible  functional  groups,  these  groups 
need  not  be  in  the  alpha  position,  but  can  be  further  apart  from  each  other, 
especially  apart  from  the  mercapto  group,  as  in  homocysteine  (alpha-amlno- 
gamma-mercaptobutyric  acid). 

As  a  qualitative  rule  governing  the  relation  between  the  hei^t  of  the 
catalytic  wave  and  the  structure  of  the  compounds,  it  can  be  stated  that  the 
more  carboxyl,  andno,  and  sulfhydryl  groups  the  compound  contains,  and  the 
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closer  these  groups  are  together  In  the  molecule^  the  hi(^er  will  be  the 
catalytic  peak. 

Apparently,  the  stability  and  kind  of  complex  formed  between  cobalt  and 
the  sulfhydryl  compound  greatly  affects  the  height  of  the  catalytic  peaks. 

The  behavior  of  four  mercaptans  which  do  not  give  waves  at  low  concentraV 
ions  (10“^  to  10"^),  namely  mercaptoethyl  guanidine,  3-mercaptopropionic  acid, 
3-mercaptopropylajnine,  and  thiosalicylic  acid  were  studied  at  higher  (up  to 
10'“3m)  concentrations.  It  was  found  that  all  four  compounds  gave  rise  to  a 
catalytic  maxima  if  the  concentrations  were  high  enough,  (See  Table  IV), 

The  study  of  the  compounds  which  give  waves  at  high  concentration  only  was 
limited  to  the  investigation  of  the  effect  of  mercaptan  concentration  on  peak 
height.  The  effects  noted  are  described  in  the  following  paragraphs. 

The  effect  of  concentration  of  AET  on  the  height  of  the  catalytic  maxima 
cannot  be  determined  because  the  wave  is  small,  and  merges  with  the  normal 
hydrogen  wave  at  an  AET  concentration  of  7,5  x  10~^M, 

3'-roercaptopropionic  acid  gives  a  catalytic  wave  whose  height  varies 
linerary  with  concentration  over  the  range  7  x  10“^  to  6  x  lO'^M;  at  hi^er 
concentrations,  the  height  of  the  peak  becomes  independent  of  concentration 
of  thiosalicylic  acid. 

The  peak  potentials  of  the  catalytic  waves  of  this  second  group  of  sub> 
stances  was  found  to  shift  to  more  negative  values  as  the  concentration  in* 
creased.  This  phenomena  is  similar  to  that  observed  for  substances  idiich  give 
catalytic  waves  at  low  (lO'^M)  concentration. 

It  is  interesting  to  note  that  3-mercaptopropylamlne  gives  rise  to  two 
catalytic  waves.  This  behavior  is  similar  to  that  of  AET  in  the  presence  of 
hexamlnocobaltichloride,  to  be  discussed  later,  (See  Figures  9*  10  for  a 
comparison). 


Table  IV 


Mercaptans  Which  give  Catalytic  waves  at  High  Concentration  Only. 

Heights  of  the  Catalytic  Waves  atx)  "Peak  Potentials"  at  Various  Mercaptan 
Concentrations . 


All 

Solutions:  10- 3M  C0CI2,  ' 

O.IM  NH3 

,  O.IM  NHl^Cl,  and 

0.00125$  Gelatin. 

1. 

Hercaptoethyl  guanidine 

Ijish]  X  10-5 

2.50 

50.0 

75.0 

ua 

3.0 

5.6 

a 

at.,,  volts 

-l,hh 

-1.1:2 

2. 

3*-mercaptoproplonic  acid 

[is^  X  10-5 

6.855 

9. Is  3 

19.59 

39.17  58.76 

ua 

2.8 

li.h 

8.8 

18.2  28.8 

at...  volts 

-1.82 

-1.82 

-1.80 

-1,88  -1,90 

3. 

Thiosalicylic  acid 

[is^  X  10-5 

6.95 

13.9 

33.5 

66.9  99.3 

198.6  297.9 

ua 

1.6 

3. a 

6.2 

8.6  8.0 

8.2  9.0 

at...  volts 

-1.51 

-1.56 

-1.5a 

-1.56  -1.5a 

-1.56  -1.58 

U. 

3-Mercaptopropylamine 

[RSH]  X  10-5 

2 

3.986 

10 

19. as  39.86 

ua,  first  step 

0 

0 

1.8 

2.0  6.6 

at,.',  volts,  first  wave 

- 

- 

•i.60 

-1.^0  -1,38 

ua.  Second  Step 

0 

0 

0 

5.8  22,6 

at...  volts,  second  wave 

- 

- 

- 

-1.6a  -1.68 

hS 


Variation  of  Anunonia  and  Ammonium  Chloride  Concentration: 

The  effect  of  the  concentration  and  composition  of  the  buffer  on  the  height  of 
the  catalytic  peaks  of  RS903Hf  CSH,  and  TSH  were  noted.  The  results  are  given 
in  Figures  3  and  U. 

Examination  of  Figure  3  shows  that  although  there  is  some  vertical  separ¬ 
ation  of  the  graphs  of  the  compounds  because  of  their  "inherent"  ability  to 
cause  waves  of  different  heights^  the  similarities  of  the  trends  M  the 
three  compounds  is  unmistakable. 

Increases  in  ammonium  chloride  concentration,  at  constant  ammonia,  cobalt 
(II)  chloride,  and  mercaptan  concentrations,  causes  a  decrease  in  the  height 
of  the  catalytic  peaks  of  CSH,  TSH,  and  RSSO3H,  at  ammonium  chloride  concen¬ 
trations  greater  than  O.IM,  Ammonium  chloride  concentrations  lower  than  O.IM 
were  not  investigated  because  of  precipitate  formation,  probably  Co(6H)2, 

which  occurred  in  O.OSM  ammonium  chloride,  O.IM  ammonia.  The  decrease  of  the 
peak  height  due  to  ammonium  chloride  concentration  is  most  noticeable  for 
TSH,  (see  Fig.  3,  curve  E),  the  peak  height  being  reduced  from  65  to  30  ua 
by  a  change  of  0.1  to  0.25M  ammonium  chloride  concentration.  The  peak  of 
RSSO^H  is  also  severely  reduced  by  increasing  ammonium  chloride  concentratlo  n 
(see  Fig.  3,  curves  A,  B,  C),  the  peak  being  effectively  removed  by  l.QM 
annonium  chloride. 

The  peak  due  to  CSH  is  not  as  severely  reduced  as  those  of  TSH  and  RSS03H, 
especially  at  low  concentrations.  It  was  seen  that  the  peak  height  of  TSH 
was  more  than  halved  by  a  change  from  0.1  to  0.25H  ainnonlum  chloride;  that  of 
CSH  is  reduced  from  58.U  to  57.6  ua  for  the  same  concentration  change. 

It  can  be  seen  from  Figure  3  that  there  is  some  buffer  concentration 
which  will  give  maximum  height  to  the  catalytic  waves.  Comparing  and  comprom¬ 
ising  the  data  for  the  three  compounds  Investigated,  this  optimum  buffer 
concentration  was  found  to  be  near  O.IK  amnonla  and  O.IM  amnonlum  chloride. 


Figure  3»  Part  III  45  A* 

Effect  of  Variation  of  Ammonia  and  ■Ammonium  Chloride  Concentration 


It  was  suspected  by  Brdicka  that  the  effect  of  buffer  concentration 
was  not  strictly  a  concentration  effect,  but  also,  a  pH  effect.  The 
effect  of  pH  on  peak  height  can  best  be  seen  by  re-plotting  the  data 
used  to  construct  Figure  3  on  axes  of  pH  versus  peak  height,  as  was 
done  in  Figure  I4.  However,  only  in  one  case  (Figure  U,  curve  B)  was 
the  ionic  strength  kept  constant,  and  the  other  curves,  therefore, 
represent  data  at  varying  pH  and  varying  ionic  strength.  Inspection 
of  Figure  U,  curve  C,  shows  that  there  is  a  definite  trend  in  peak 
height  with  change  in  pH  in  the  case  of  CSH,  at  variable  ionic 
strength,  and  RSSO^H  at  constant  ionic  strength  (the  ionic  strength 
being  adjusted  to  unity  by  addition  of  the  proper  amount  of  potassium 
chloride),  the  height  of  the  wave  increasing  with  increase  in  pH. 

The  results  for  RSSO3H  and  TSH,  both  at  variable  ionic  strength, 
are  less  conclusive.  The  heights  of  the  waves  of  these  two  compounds 
increase  with  increasing  pH  up  to  pH  9.6,  and  then  decrease  with 
further  increase  in  pH. 

Effect  of  other  Electrolytes;  Potassium  Chloride,  Potassium 
Iodide,  and  Potassium  Nitrate  on  the  Peak  of  RSSO3H. 

It  was  found  that  the  height  of  the  peak  of  RSSO^H  was  reduced 
by  about  505^  by  the  addition  of  potassium  chloride  or  iodide  at  a 
concentration  of  0.9  M.  The  height  of  the  peak  of  RSSO3H  was  also 
reduced  to  about  3/8  of  the  "optimum"  value  (in  0.1  M  ammonia  and 
0,1  M  ammonium  chloride)  when  the  ammonium  chloride  concentration  was 
increased  from  0.1  to  1.0.  It  can  be  seen  from  this  that  at  constant 
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4G  i. 

Effect  of  pH  on  Peak  Height 

A)  2  X  10®5  M  RSSO3H,  10-3  M  C0CI2,  and  0,00125/=  Oelatln 

B)  2  X  10“5  M  RSSO3H,  10"3  M  C0CI2,  and  0.00125^  Gelatlnyu  =  1 

C)  2  X  10‘5  M  OSH,  10“3  M  O0SO4,  and  0,00125:^  Gelatin 

D)  2.044  X  10"5  M  TSH,  10“3  m  C0CI2,  and  0,00125/S  Gelatin 
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ionic  strength,  the  height  of  the  catalytic  wave  is  affected  not  only 
by  the  electrolyte,  but  also  by  the  p^. 

The  catalytic  peak  of  RSSO3H  was  hardly  affected  by  low  (10“^, 

2  X  lO'^K)  concentration  of  potassium  nitrate.  The  addition  of  an 
amount  of  nitrate  ion  equimolar  to  the  RSSO3H  present  merely  reduced 
the  peak  height  by  about  25^  of  the  optimum  value  in  the  absence  of 
nitrate  ion.  The  chief  interference  due  to  nitrate  is  caused  by  the 
reduction  of  nitrate  ion  (8)  which  occurs  at  a  potential  near  the 
peak  potential  of  the  catalytic  wave.  (See  Figure  5).  If  the  concen¬ 
tration  of  nitrate  is  high  enough  (0,1  M),  its  cathodic  current  will 
completely  mask  any  other  waves  which  occur  at  a  similar  potential, = 
that  is,  nitrate  ion  present  in  this  concentration  will  entirely 
eliminate  the  catalytic  peak. 

Effect  of  Metals  on  the  Height  of  the  Catalytic  Maxima;  Effect 
of  Cobalt  and  Nickel, 

The  effect  of  concentration  of  cobalt  (II)  sulfate  on  the  height 
of  the  peak,  and  the  effect  of  concentration  of  cobalt  (II) 
chloride  and  nickel  (II)  chloride  on  the  lieight  of  the  RSSO3H  peak 
were  investigated,  and  graphs  of  peak  height  versus  concentration  of 
metal  were  prepared.  (See  Figure  6), 

Upon  examination  of  Figure  6,  it  can  be  seen  that  the  effect  of 
cobalt  (II)  sulfate  on  the  MEA  wave,  and  the  effect  of  cobalt  (II) 
chloride  on  the  RSSO3H  wave  are  quite  similar;  this  is  not  surprising, 
as  the  species  (probably)  involved  in  the  reaction,  namely  Co'^”*  and 
MEA  are  the  same  in  both  cases. 


Figure  5»  Part  III 

Effect  of  Nitrate  Ion  on  the  Shape  of  Polaro r.rains 

a)  Polarogram  of  10“3  M  C0SO4,  0,1  M  0,1  M  NH4CI, 

Gelatin,  and  0,1  M  KNO^ 

B)  Polarogram  of  10"3  M  C0SO4,  0,1  M  NHt»  0,1  M  NH4OI, 
Gelatin,  2  X  10“5  m  RSSO3H,  and  0,1  M  KOI 


-ro  -r*.'  -3 1? 

G.  n/s.  %ci 
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0,00125^ 

0.00125^ 
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The  curve  indicating  concentratiori  of  cobalt  (II)  versus  peak 
height  is  a  smooth,  almost  linear,  curve  over  the  concentration 
range  10“^*  to  10“3  A  well  defined  peak  could  not  be  obtained  at 
concentrations  lower  than  10"^  M  cobalt  (II),  while  the  height 
of  the  peak  seems  to  become  independent  of  concenination  at  concen¬ 
trations  greater  than  10“3  M. 

The  variation  of  peak  height  with  concentration  of  nickel  (II) 
chloride  shows  the  same  trend  as  the  variation  of  peak  height  with 
the  concentration  of  cobalt  (II)  chloride,  an  increase  with  increas¬ 
ing  concentration  in  the  range  10"^  to  10“^  K,  and  independence  of 
peak  height  from  concentration  of  nickel  (II)  at  concentrations 
greater  than  10"3  M,  as  reflected  by  the  levelling  off  of  the  peak 
height  versus  concentration  curve.  (See  Figure  6). 

The  greatest  difference  noted  in  the  behavior  of  these  two  metals 
is  in  their  "catalyzing  ability".  A  given  concetitration  of  cobalt 
ill) will  cause  a  peak  which  will  be  two  to  two  and  one  half  times  as 
high  as  the  peak  caused  by  the  same  concentration  of  nickel  (II). 

Also  of  interest  is  the  less  than  additive  nature  of  the 
"catalyzing  f'bility"  of  the  metal  ions,  cobalt  (II)  and  nickel  (II). 
For  example,  it  can  be  seen  in  Figure  6,  that  a  solution  10"3m  in 
cobalt  (II)  chloride.  It  x  10"^  M  in  RSSCljH,  O.l  M  in  ammonia,  0.1  M 
ammonium  chloride,  and  0.00125?  in  gelatine  will  give  a  peak  height 
of  1*2  ua,  and  the  same  solution,  and  10“^  h  in  nickel  (II)  chloride 
will  give  a  peak  of  17  ua.  From  this,  it  could  be  expected  that 
the  same  solution,  10"^  M  in  both  cobalt  (II)  chloride  and  nickel 
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Effect  of  Concentration  of  Cobalt  and  Nickel  on  Peak  Height 

A)  All  Solutions:  4  X  10“5  M  MEA,  0.1  K  NH3,  0.1  li  NH4CI,  and 
various  O0SO4  Concentrations 

B)  All  Solutions:  4  X  10“5  m  RSSO3H,  0.1  M  NH3,  0,1  M  NH4CI,  0,00125^ 
Gelatin,  and  various  CQCl2Concentratlons 

0)  All  Solutions:  4  X  10-5  ^  RSSO3H,  0.1  M  NH3,  0.1  M  NH4CI,  0.00125^ 
Gelatin,  and  various  NICI2  Concentrations 

Points:  All  Solutions:  4  X  10-5  m  RSSO^H,  0,1  K  NH3,  0.1  H  NH4OI, 
0,00125^  Gelatin,  a.nd 

X1..IO-3  M  C0CI2,  10-3^  NiCl2,  Co+2  +  ui+2  =  p  X  10-3  m  _ 
X2«*10-3  M  C0CI2,  5  X  10-^  M  HiCl2,  Co+2  +  m+S  _  1,5  x  10'^  M 

X3..5  X  10-4  M  SoClg,  5  X  10-^  M  NIOI2,  Co-*-2  +  Hi+2  =  10*3  M 


Table  V, 

Effect  of  Other  Electrolytes  on  the  Height  of  the  Catalytic  Maxima 
of  RSSO3H. 

Vil  Solutions:  2  x  10*5  M  RSSO3H,  10-3  m  CoSOi^,  0.1  M  NH3,  0.1  M 
NHl^Cl  and  Various  Amounts  of  Other  Electrolytes 


IKClj  0 

0 

0 

0 

0 

0.90 

(|al  0 

0 

0 

0 

0.90 

0 

[KNO^Ix  io“5  0 

1 

2 

10*^ 

0 

0 

ua  20,0 

19.8 

19.6 

No 

wave 

10.8 

U.h 

4t.., volts  -1.70 

-1.70 

-1.72 

- 

-1.70 

-1.70 
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(II)  chloride  would  give  a  peak  of  U2  4  17>  or,  69  ua.  The  observed 
peak  height  of  a  solution  of  this  composition  is  U6  ua.  Actually, 
the  height  of  the  wave  produced  by  this  solution  (10“^  M  in  both 
cobalt  (II)  and  nickel  (II)  is  closer  to  the  height  of  the  peak  pro¬ 
duced  by  a  solution  which  is  2  x  10"^  M  in  cobalt  (II)  chloride  (5l  ua). 
This  observation,  along  with  the  previous  one  that  peak  height  becomes 
independent  of  cobalt  or  nickel  concentration  at  concentrations  greater 
than  10“3  M,  seems  to  indicate  that  the  total  metal  ion  concentration 
has  an  optimum  value  at  around  lO-^  m. 

Effect  of  Metals  on  the  Height  of  the  Catalytic  Maxima:  Effect 
of  Metals  Other  than  Cobalt  and  Nickel, 

The  effect  of  copper  (II)  sulfate,  mercury  (II)  chloride,  and 
silver  (I)  sulfate  on  the  catalytic  peaks  were  determined.  It  was 
found  necessary  to  plot  the  data  on  a  logarithmic  scale  because  of 
the  large  concentration  ranges  investigated  (2  x  10-^  to  8  x  10"^  M). 

The  data  are  given  in  Figures  7  and  8, 

Examination  of  the  data  (Figux'es  7  and  8)  indicates  that  the 
effect  of  a  given  metal  is  almost  the  same  on  the  two  mercaptans 
investigated.  This  can  be  seen  from  the  very  similar  shapes  of  the 
curves  of  Figures  7  and  8. 

Although  all  three  of  the  metal  ions  under  consideration  form 
complexes  with  mercaptans,  it  was  not  expected  that  these  metals 
would  decrease  the  height  of  the  catalytic  peak.  The  reason  for 
this  is  that  the  reaction 

M(S-R)jj  4  n  e  »  M  ♦  n  RS“ 


CP  'Vce  O  *= 


w 
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where  M-S-R  represents  the  metal  complex,  M  the  free  metal,  and  RS” 
the  mercaptan,  occurs  at  a  potential  more  positive  than  that  necessary 
to  cause  the  catalytic  maxima.  In  this  case,  the  uncomplexed  mercaptan 
would  be  present  at  the  electrode  surface,  and  should  still  be  able  to 
cause  the  catalytic  peak.  This  expectation,  however,  was  not  realized. 

The  suppressing  effect  of  the  metal  ions  investigated  on  thg 
catalytic  peaks  does  not  appear  to  depend  on  complex  formation  in  the 
bulk  of  the  solution.  Thus,  the  lowering  in  peak  height  for  the  Bunte 
acid,  RSSO3H,  and  for  the  disulfide,  CSSC,  which  do  not  form  complexes 
with  the  metals,  is  the  same  as  the  lowering  of  the  peak  height  for 
the  mercaptans  MEi'  •'nd  CSH,  which  do  form  complexes. 

'■3  already  mentioned,  complex  formation  at  the  electrode  surface 
cannot  be  involved  because  the  complexes  are  reduced  at  the  negative 
potential  at  which  the  catalytic  maxima  occur,  and  hence,  the  complexes 
could  not  exist  at  the  electrode  surface.  In  general,  it  may  be  said 
that  the  metal  ions  copper  (II),  mercury  (II),  and  silver  (I)  reduce 
the  height  of  the  catalytic  wavts,  the  tffcct  of  silver  (I)  being 
greater  than  that  of  copper  (II)  and  mercury  (II),  which  are  about 
equal  in  suppressive  effect. 

The  reason  for  the  decrease  of  the  catalytic  peaks  in  the 
presence  of  these  metals  appears  to  be  the  displacement  of  cobalt  by 
the  metals  at  the  surface  of  the  electrode,  cobalt  being  the  only 
metal  which  is  responsible  for  the  catalytic  effect. 


Catalytic  Peaks  observed  in  Alcoholic  Medium: 


Polarograma  were  taken  of  solutions  wiiich  were  10"3  M  in  cobalt 
(II)  chloride,  0,1  M  in  ammonii^  0,1  M  in  ammonium  chl-oride,  0,0012^^ 
in  gelatin,  and  of  various  mercaptain  concentration,  (See  Table  VI). 

The  heights  and  the  peak  potentials  of  the  waves  were  of  the 
same  order  of  magnitude  in  water  =nnd  in  755?  ethyl  alcohol. 

This  observation  casts  some  doubt  on  Brdick's  theory  according 
to  which  only  catalytic  discharge  of  hydrogen  ions  is  responsible  for 
the  appearance  of  the  waves.  If  the  catalytic  discharge  of  hydrogen 
ions  were  responsible,  such  a  drastic  change  in  solvent  would  be 
expected  to  produce  a  change  in  peak  height  and  potential, 

Catalyt.ic  Maxima  in  th»j  Presence  of  Cobalt  (III)  Chloride: 

It  had  been  previously  noted  (Tabic  IV)  that  both  trercaptoethyl 
guanidine!  and  3-mcrc<aptopropylr.mii.i  give  poorly  defined  waves  in  the 
presence  of  cobalt  (II)  chloride,  even  at  high  (2,5  x  10”i^  M)  concen¬ 
tration,  (See  Figures  9  and  10  for  a  comparison). 

In  contrast  to  this,  it  has  been  found  that  both  of  these 
substances  give  well  defined,  two  step  catalytic  maxima  in  the 
presence  of  10"^  K  hexaminocobalt  (III)  chloride,  in  the  concentration 
range  5  x  10“^  to  3  x  10“^  M.  See  T'’blcs  VII  .and  VIII). 

The  he-i  'ht  of  the  catalytic  peaks  of  hET  in  the  presence  of 
cobalt  (III)  ion  W( re  found  to  increase  almost  linearly  with  concen¬ 
tration  at  conrentrations  up  to  1.2  x  10“^,  and  then  become  independent 
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Catalytic  Maxima  of  AST 

Ail  Solutions  2,5  X  10"“'^  M  AET,  0,1  M  NHj,  0.1  M  NH4OI,  0,00125^ 
Gelatin,  and 

A)  10“5  M  C0CI2 

B)  1  0-3  M  Co(NH3)60l3 

(1)  First  Peak 

(2)  Second  Peak 


e.  VoLl^  VS  Set 


Figure  10,  Part  III 
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Catalytic  Maxima  of  3-mefcaptopropylamlne 

Both  Solutions:  1.948  X  10”^  M  3-niercaptopro pylamine ,  0,1  M  NH^, 
0.1  M  NH^Cl,  0.00125^  Gelatin,  and 

A)  10-5  M  CoClg 

B)  10”5  M  Co^'NH^jgClj 

(1)  First  Pealc 

(2)  Second  Peak 


->■0  -15-  -i.o 


VciTi  vs,  set 
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Table  VI. 

Catalytic  Waves  Observed  in  /»lcoholic  Medium. 

All  Solutions:  ethanol,  0.1  M  NH3,  0.1  M  NHj^Cl,  0.0012$^ 

Gelatin  10“^  M  G0CI2,  and  Various  Mercaptan 
Concentrations. 


Mercaptan  RSSO3H 

eSH 

TSH 

AST 

RivSH 

DDTC 

(rSH|X.  10“^  2  2^2) 

2 

h 

2  7 

2 

7 

2 

7 

ua,  7$% 

ethanol  19.8  11. 1: 

61.6 

61.2 

-  2.0 

- 

- 

- 

- 

at... volts, 

7^%  ethanol  -1.62  -1.56 

-1.81 

-1.87 

-  - 

- 

- 

(1) 

(1) 

ua,  in  100^ 
water  21. U 

57.2 

76.8 

-  - 

- 

- 

- 

- 

at... volts, 
lOOf  water  -1.68 

-1.77 

-1.89 

m  M 

m 

f^yphen  indicates  no  wave 

(1)  Cobalt  wave  very  irregular  in  the  presence  of  DDTC 

(2)  Cobalt  concentration  ■  5  x  10"^  M,  not  10"^  M, 


of  AET  concentration  at  liigher  concentration,  a  behavior  similar 
to  that  of  the  mercaptans  which  give  catalytic  waves  with  cobalt 
(II)  cl’iloride  at  low  (10“5  M)  concentration,  (See  Table  VII), 

The  first  catalytic  wave  becomes  indistinguishable  from  the 
second  wave  at  .'ET  concentrations  equal  to  or  higher  than  5  x  10**^  M, 

It  is  seen  in  Table  IV  that  the  catalytic  wave  of  the  /.ET-cobalt 
(II)  system  merges  with  the  normal  hydrogen  wave  at  a  concentration  of 
7.5  X  10“^  M,  and  that  the  peak  potentials  and  the  height  of  the  first 
wave  in  thv.  'ET  -cobalt  (III)  systems  and  those  of  the  only  wave  in  the 
AET-cobalt  (II  systems  both  at  2.5  x  10“^  M  .'ET,  0.1  M  /lET,  0.1  M 
ammonia,  0.1  M  ammonium  chloride,  and  0,0Ci25%  gelatin  are  -l.lil  and 
-l.iiU  volts,  respectively,  while  the  heights  are  3»0  and  O.Ii  ua, 
respectively.  Thus,  although  the  p-.  nks  are  of  considerably  different 
height,  the  similarity  of  the  peck  potentials  is  striking. 

3-mercaptopiopylaminc  was  found  to  give  rise  to  two  catalytic 
maxima  in  the  presence  of  both  cobalt  (III),  (one  at  -l.UO  volts,  the 
other  at  -1.58  volts)  and  cobalt  (II),  (one  at  -l.hO  volts,  the  other 
at  -1.70  volts.  (See  Table  VII  nnd  Figure  9), 

The  height  of  both  waves,  and  the  sum  of  the  two  waves,  of  3- 
mercaptopropylamine  varies  linc;arly  with  concentration  of  mercaptan 
at  low  (10“^  M  or  lower)  concentration,  but  becomes  independent  of 
concentration  at  higher  concentration. 


The  effect  of  variation  of  the  height  of  the  mercury  column  on 
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Table  VII. 

Effect  of  Variation  of  Concentration  of  .'ET  on  the  Catalytic  Peak. 
All  Solutions:  10-3  m  Co(NH3,  0.1  M  NH3,  0.1  M  NKj^Cl,  0.001255? 

Gelatin,  and  the  ET  concentrations  Given  Below. 


[psi^  First  Wave  Second  Wave  Total  Wave 

X  10-5 

_ Ua  at..  Volts  ua _ at.  .Volts _ ua _ 


5.0 

2.6  -l.hO 

1.6 

-1.56 

l:.2 

10.0 

1^.66  -I.I4I 

3.1: 

-1.57 

8.0 

25.0 

9.h  -i.ia 

8.6 

-1.57 

18.0 

50.0 

(1) 

3h.l: 

-1.61 

3U.I: 

80.0 

1:8. ii 

-1,61: 

1:8.1: 

120.0 

6U.0 

-1.61: 

61:. 0 

300 

lOl: 

-1.71: 

lOl: 

(1)  The  first  w've  merged  with  the 

second  wave 

at  concentration 

equal 

to  or  greater  than  5  x  10 

W  .'.ET. 

w 
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Table  VIII, 

Effect  of  Variation  of  Concentration  of  3-Mercaptopropylamine  on  the 
Catalytic  Peak. 

;ai  Solutions:  lO"^  M  00(1^3)5013,  0.1  M  NH3,  0.1  M  NH^Cl,  0.001255? 

Gelatin,  and  the  3-Mercaptopropylainine  Ooncentrations 
Given  Below. 


jnsH] 

First  Wave 

Second  Wave 

Total  Wave 

xio-5 

ua 

at- volts 

ua 

at-volts 

ua 

5.0 

1.0 

-1.38 

• 

0.5 

-1.56 

1.5 

10.0 

1.7 

-1.36 

1.5  ■ 

-1.56 

3.2 

19.5 

3.8 

-1.37 

2.8 

-1.56 

6.6 

39.0 

7.1 

-1.1*0 

5.9 

-1.59 

13.0 

60.0 

10.6 

-1.1*2 

9.1 

-1.60 

19.7 

80.0 

13.1 

-l.Ul 

11.3 

-1.60 

21*. 1* 

120.0 

17.9 

-1.1*1 

16.1 

-1.60 

3l*.l 

300.0 

only  one  wave 
observed 

50.0 

-1.62 

50.0 
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the  heights  of  the  catalytic  peaks  of  the  cobalt  (III)-''.ET  and 
cobalt  (lII)-3-mercaptopropylamine  systems  was  studied. 

It  was  found  that  the  value  of  i/hi  for  the  first  peak  of  both 
the  mercaptoethyl  guanidine  and  3-mercaptopropylamine  systems  was  a 
constant.  (See  Tables  iX  and  X),  This  indicates  that  the  electrode 
reaction  producing  the  first  catalytic  peak  is  not  kinetically  con~ 
trolled.  In  view  of  the  high  mercaptan  concentrations,  it  seem  poss¬ 
ible  that  this  first  "catalytic  peak'  is  in  reality  the  polarographi# 
wave  of  a  cobalt -mercpptan  complex. 

The  values  of  i/h^  for  the  second  peaks  of  both  the  cobalt  (III)- 
mercaptoethyl  guanidine  and  3-morcaptopropylamine  systems  are  not 
constant,  increasing  as  concentration  increases.  This  variable  i/h^ 
indicates  a  kinetically  controlled  current. 

The  value  of  i/h^  for  the  combined  waves  of  both  systems  are 
also  included  in  Tables  IX  and  X,  These  values  merely  indicate  the 
sun  of  the  constant  value  for  the  i/hs  of  the  first  peak,  and  the 
variable  value  for  the  second  peak. 

Catalytic  Waves  at  the  Rotated  Dropping  Mercury  Electrode  (HDME) 

The  chief  concern  of  this  series  of  experiments  was  to  see  whether 
or  not  catalytic  waves  similar  to  those  obtained  at  the  DMB  could  be 


obtained  at  the  RDME 
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Table  IX. 

Effect  of  Variation  of  the  Height  of  the  Mercury  Column  on  the  Height 
of  the  Catalytic  Peak  of  Mercaptoethyl  Guanidine. 

All  Solutions:  10-3  m  Co(NI^)6  CI3,  10“^  M  AET,  0.1  M  NH3,  0.1  M  NH^Cl,, 
and  0.00125^  Gelatin, 


H 

First  Wave 

Second  Wave 

Total  Wave 

cm 

1 

cm2 

ua 

at..V  ua/M2 

ua 

at.  ,V 

ua/?^ 

ua 

ua/H^ 

W.l 

6.95 

3.8 

-1.1:2 

0.5147 

2.2 

-1.58 

0.317 

6.0 

0.861* 

62.3 

7.90 

U.5 

-l.hl 

0 

• 

0 

3.3 

-1.57 

0.1*18 

7.8 

0.988 

67.8 

8.23 

U.6 

-l.UO 

0.559 

3.I4 

-1.57 

0.1*13 

8.0 

0.972 

76.0 

8.72 

I4.8 

-l.Ul 

0.551 

I4.I 

-1.57 

0.1*70 

8.9 

1.021 

89.5 

9.U6 

5.8 

-i.ia 

0.550 

I4.6 

-1.58 

0.1*86 

9.8 

1.036 

101.6 

10. Ih 

5.t: 

-l.ljO 

0.532 

5.3 

-1.58 

0.522 

10.7 

1.051* 
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Table  X. 

Effect  of  Variation  of  the  Height  of  the  Mercury  Colurnn  on  the  Height 
of  the  Catalytic  PeJk  of  3-Mercaptopropylainine, 

fill  Solutions:  10"^  M  Co(MH'j)6  Cly,  8  x  10~^  M  3-Mercaptopropylamine 
0.1  M  NH3,  0.1  M  NH^Cl,  0.00125*  Gelatin. 


H 

First  Wf 

ve 

cm 

1 

cm? 

ua 

at..V 

ua/f^ 

hS.l 

6.95 

12.0 

-1.U2 

1.72 

62.3 

7.90 

13.2 

-I.I43 

1.67 

67.6 

8.23 

13.1 

-l.lil 

1.59 

76.0 

8.22 

CM 

• 

-1.1:2 

1.63 

?9.5 

9.h6 

15.1 

-1.12 

1.60 

101.6 

lO.lU 

15.9 

r-i 

1 

l.*^? 

Second  Wave  Total  Wave 


ua 

at..V 

ua/M2 

ua 

ua/H2 

7.9 

-1.60 

l.lU 

19.9 

2.86 

9.3 

-1.60 

1.18 

22.5 

2.85 

11.3 

-1.60 

1.37 

2a. U 

2.97 

13. h 

-1.60 

1.56 

27.6 

3.19 

lij.6 

-1.61 

1.51 

29.7 

3.2U 

15.3 

-1.61 

1.51 

31.2 

3.08 
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Two  experiments  were  carried  out  -it  the  RDME,  using  CSSC  and 
cobalt  (II)  sulfate.  The  polarograms  obtained  are  given  in  Figures 
11  and  12  below,  along  with  similar  curves  obtained  from  solutions  of 
different  concentrations  at  the  BME,  for  comparison, 

Firure  11  clearly  indicates  the  greater  sensitivity  of  the  RMffi, 
The  two  graphs  of  Figure  11  were  obtained  from  two  solutions  whose 
cobalt  (II)  concentrations  were  in  a  ratio  of  ten  to  one,  and  whose 
CSSC  concentrations  were  in  a  ratio  of  2,5  to  one,  yet,  the  peaks  are 
of  comparable  height. 

It  should  be  noted  (See  Figure  11)  that  the  current-voltage  curves 
measured  at  the  RDME  becomes  irregular  in  the  potential  range  -1.8  to 
-2.0  volts  versus  SCH,  as  indicated  by  the  crossmarked  line.  This 
irregularity  is  due  to  changes  of  the  electrode  surface  caused  by 
hydrogen  evolution. 

Figure  12  shows  the  shape  of  the  catalytic  peak  of  MEA  in  the 
presence  of  0.010^  gelatin,  the  wave  being  quite  regular  at  this 
gelatin  concentration.  A  polnrogram  of  a  cobalt  (II)  -  ME/',  system 
is  included  for  comparison. 

Preliminary  investigations  thus  show  thcat  catalytic  maxima  occur 
at  the  RDME  as  well  as  at  the  DME,  the  RME  being  about  ten  times  as 


sensitive  as  the  DME 


Figure  11,  Part  III 
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Comparison  of  the  of  the  latalytVc  Peak  of  0J30  at  the  R.D.M.B. 

and  at  the  O.M.B. 

A)  1*'^  M  C0SO4,  2  X  1  M  CSSC,  0.1  M  NH3,  "'.I  M  NH4CI,  and  no 

Gelatin,  at  the  R.l.M.E. 

B)  10"5  M  C0SC4,  2  X  10“^'  M  CSSC,  0.1  M  0.1  M  'NHi^Cl,  and 

0.00375'^  Gelatin  at  the  D.M.B. 


M  I'c  Ho4 /A  reaes 


Figure  12,  Part  III  60  B» 

Comparison  of  t.lie  HaigVit  of  the  Catalytic  Peak  of  MISA  at  the  D.M.P. 
and  at  the 

A)  2.5  X  10"^  M  C0SO4,  5  'f  10‘5  M  MIS,,  0.1  M  Th,,  0.1  M  MaCI,  and 

0.01000',^  Gelatin  at  the  R.D.M.L.  ^ 

B)  10"5  M  G0SO4,  5  X  10“^  M  MBA,  0.1  M  NH^,  0.1  M  NH4OI,  and  no 

Gelatin,  at  the  G.l-'.Ei;. 
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-  CONCLUSIONS  - 

The  effects  of  some  variables  on  the  catalytic  cobalt  wave  were 
investigated.  Unless  specified,  the  conclusions  refer  to  mercaptans 
which  give  waves  at  low  (10~5  M)  concentrations. 

2-Mercaptoethylamine,  2-aminoethanethiosulfuric  acid,  2-amino-l- 
pentane  thiol,  N,N-dimethylaminoethane  thiol,  gysteine,  cystine,  thio- 
glycolic  acid,  thiolactic  acid,  and  thiomalic  acid  were  found  to  give 
catalytic  maxima  at  the  DME  at  concentrations  as  low  as  U  x  10"^  M. 

Mercaptoethyl  guanidine,  mercaptopropyl  guanidine,  2-amino-ethane- 
selenosulfuric  acid,  2-mercaptoethanol,  3-nic.rcsptopropylaminc,  N-decyl- 
aminoethanethiol,  N,  N'— bis(mercaptoacetyl)hydr3zine,  diethyldithiocar- 
bamic  acid,  3-’'iorcaptopropionic  acid,  and  thiosalicylic  acid  do  not 
give  a  catalytic  maxima  at  concentrations  of  the  order  of  10“^  M, 
Mercaptoethyl  guanidine,  3-mercaptopropylainine,  thiosalicylic  acid,  and 
3-mcrcaptoprop ionic  acid  give  catalytic  waves  at  higher  (10”^  M) 
concentrations. 

Examination  of  the  structural  formulae  of  compounds  which  give 

catalytic  peaks  shows  that  they  all  have  at  least  one  thing  in  coninon, 

and  that  is,  a  stem  of  2-aminoeth?ne  thiol,  or,  mercaptoacetic  acid, 

0 

I  I  It  I 

or  , 

»  t  1 

the  ’’open"  bonds  indicating  positions  for  possible  substitution. 
Substitutions  of  an  acid  group  in  one  of  the  "open"  positions  on  the 
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basic  stem  seems  to  increase  the  catalyzing  ability  of  the  mercaptan. 
For  example,  cysteine  gives  a  higher  wave  than  2-mercaptoethylamine, 
and  thiomalic  acid  gives  a  higher  wave  than  mercaptoacetic  acid. 

The  two  carbon  atoms  seem  to  be  very  specific.  For  example, 
2-mercaptoethylainine  and  mercaptoacetic  acid  give  waves  at  low  (10“^  M) 
concentrations,  while  3-mercaptopropylamine  and  l-mercaptopropionic 
acid  do  not. 

The  relation  between  concentration  and  peak  height  for  a  given 
mercaptan  was  found  to  be  almost  linear  in  the  range  2,5  x  10“^  M  down 
to  zero;  this  system  then  seems  to  offer  some  possibilities  for  quant¬ 
itative  analysis,  once  the  proper  calibration  curves  have  been  deter¬ 
mined. 

Disulfides  and  thiosulfates  are  indirectly  able  to  produce  a  catalytic 
peak  if  they  can  react  at  the  electrode  to  form  a  mercaptan  which 
gives  a  catalytic  peak.  The  active  species  in  this  case  is  the 
mercaptan  formed  at  the  electrode. 

The  height  of  the  catalytic  peak  is  apparently  dependent  on  both 
p^  and  ionic  strength,  the  highest  peaks  being  obtained  with  solutions 
0,1  M  in  both  amonia  and  ammonium  chloride  for  most  mercaptans,  with 
a  trace  of  gelatin  prest nt  to  minimize  current  irregularities.  The 
presence  of  substances  whose  reduction  waves  may  mask  the  catalytic 
peak,  such  as  nitrate,  should  be  avoided. 

The  height  of  the  catalytic  peak  increases  almost  linearly  with 
concentration  of  cobalt  (II)  and  nickel  (II)  at  concentrations  less 
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than  10"^  M.  The  “catalyzing  ability"  of  cobalt  (ll)  and  nickel  (II)j 
in  solutions  containing  both,  is  not  strictly  additive. 

The  compounds  mercury  (II)  chloride,  copper  (II)  sulfate,  and 
silver  (l)  sulfate  all  have  the  ability  to  lower  catalytic  peaks, 
the  effect  being  most  mariced  for  silver  (I)  sulfate. 

In  view  of  the  fact  that  the  mctal-mercaptan  complexes  formed 

would  be  unstable  at  the  electrode  surface  at  potentials  where  the 

catalytic  peaks  occur,  it  may  be  said  that  the  lowering  of  the 

catalytic  peaks  by  these  metal  ions  is  not  caused  by  complex  formation, 

either  in  the  bulk  of  the  solution,  or,  at  the  electrode  surface. 

Catalytic  peaks  were  observed  in  alcoholic  medium.  The  height  of 

the  wave  was  suppressed  not  more  than  10/i»,  and  the  peak  potential  was 

virtually  the  same,  as  in  100$  aqueous  medium.  This  data  supports 

the  mechanism  proposed  by  Weronski  (13),  i.e,, 

RSH 

Co  4  2  o  ■  Co°. 

NH3-NHj^C1 

The  substances  mcrcaptoethyl  guonidine  and  3-mercaptopropylamine, 
which  do  not  give  cat«alytic  peaks  with  cobalt  (II)  chlolde,  give 
well  defined,  two  step,  catalytic  peaks  at  concentrations  as  low  as 
5  X  10~5  i;  in  the  presence  of  hcxamino-cobalt  (III)  chloride.  Pre- 
lirdnary  investigations  indicate  that  the  first  of  these  two  waves, 
that  is,  the  one  which  occurs  at  the  more  positive  potential,  is  not 
a  kinetic  wave,  but  rather,  is  diffusion  controlled. 


Catalytic  waves  were  also  observed  at  the  rotated  dropping 
mercury  electrode. 

The  two  proposed  mechanisms  for  the  reaction  which  produces  the 
catalytic  peaks  of  the  cobalt-sulfhydryl  system,  namely  those  of 
Brdicka  and  Weronski,  do  not  fully  explain  the  data  which  have  been 
collected.  The  Brdicka  theory,  involving  the  catalyzed  evolution  of 
hydrogen,  neglects  to  explain  the  role  played  by  the  cobalt  or  nickel 
ion,  while  the  Weronski  theory  neglects  the  role  played  by  the 
mercaptan. 

It  is  reasonable  to  assume  that  a  cobalt  maximum  can  occur  only 
if  the  cobalt  occurs  at  the  electrode  in  the  form  of  a  mercaptide  of 
the  proper  structure  and  composition. 

The  reduction  process  of  the  cobalt  or  nickel  at  the  electrode, 
and  therefore  the  peak,  seems  to  be  highly  affected  by  the  nature  of 
this  complex.  This  explains  our  observations  that  only  certain  mer~ 
captans  which  fulfill  the  conditions  for  the  formation  of  the  "proper” 
complex,  and  at  only  the  proper  ammonia  and  ammonium  chloride  concen¬ 
trations,  allow  the  full  development  of  the  peak. 

jilthough  the  phenomena  involved  cannot  be  explained  yet  in  a 
quantitative  way,  experiments  of  the  kind  reported  in  this  report 
are  helpful  in  the  qualitative  deduction  of  the  mechanisms  involved 
in  the  catalytic  pe<aks. 
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First  Year 

Polarogra;-!: '.c  ^3^,^idias  of  oev 'rrJ  suorcaptoaj  \.yl  compounds  show 
that  I'.'nese  c onipourids  behave  in  a  similar  -a  y  as  iierco-^-taiis  stud¬ 
ied  previously,  a 'oIl  as  cyslelne  or  reduced  'Glutathione.  The 
polaroiiraphic  behavior  of  the  di;.- ulf ides  differs  to  a  groaler 
extent,  Guani'llnoethyldisulfide  beliO'-ves  in  tli  i  same  way  as  ox¬ 
idized  glutathione,  while  the  otlior  disuli’i'ies  otudiod  are  re¬ 
duced  irreversibly  at  the  Iroprin"  raercury  electrode.  The  dis¬ 
sociation  constants  of  th<  silver  inorcapti  les  of  the  three  iner- 
captans  in  question  re  of  the  same  order  ma-'nitude  as  that 
of  silver  cystelivjte .  The  same  was  found  for  the  dissociation 
constants  of  the  cuprous  mercaptides .  The  studies  of  the  equil¬ 
ibrium  reactions  bet-reen  disulfides  and  sulfite  reveal  that  Lhe 
equilibrium  constants  of  the  reactio-is  of  the  three  disulfides 
compare  favoi'u’  ]  u'ith  the  corres.  cinliMi  c  onstant  for  the  reaction 
between  cystine  and  snlflle 

^_c^o_nd  Ye_ar 

Amper'.>:.ictrio  mei'cx  riv...  Lrin  titrations  .  f  uiorcaplons  suco. 
as  mx  rcD-i  toetl'yl  :uani  ilne,  mcrcaptopropyl  p' .  nidine  and  mer- 
captoeMiy]  .''i  xn  ■;  icite  that  f’ese  compoiuids  form  well  defined 
complexes  .’Ith  V'urcx  ry  In  the  e lolct  xo'''''  ti'ic  rxtio:  t./o  msreay- 
tanxi  t>  one  ,ii;rcixry.  The  re  '.ctlc  s  betweeix  ■i-rx'o;,. .  t.ans  and  sil¬ 
ver  are  uxxio  ■  more  eo’'ii'lio.atod  and  1';  hio-j  xud  't.aol h l t,y  the 
silver  corJox  l  .-'lO  i  , -r.  I3  >n  t’’ie  functi..- toxx  s  in  the 

mercaptan  ri::  oxi  x,ho  expo  r-irae'nta’  i '  tlous, 

?-amlno;ji,har;.;i-,h^n -.uiiuric  cid  (  RSSC^*"^  ^  h-amlnueth- 
■\nesel onosu ■  f'urlx'.  o-cl'i  (  RSfxSOyl  )  a  a  h'X,',  xGa'l'iced  irrove -rsibly 
at  ip.K;  dx-.  j'!)!-,  ;  -ri'-roxiry 


RS3C3H  -'vl!!'  one  'Wave  ’'1  ilc 
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RSeSO^H  exhibits  two  wavs  poiarof’iram.  The  products  of  the 
elBCtroo'iemical  reduction  of  the  two  conipounds  are  sulfite  and 
mercaptan  (  Rbll  )  and  sulfite  and  hydro.ten  selenlde  (  RSeli  ) 
res oec tively ,  In  acid  medium  sulfite  is  reduced  at  the  dropping 
mercury  electrode,  thus  givlri!,  rise  to  an  increase  in  the  height 
of  the  tlilo-  and  selenoacid  waves  at  acid  pH. 

The  catalytic  effects  ■.  f  various  mercaptans,  disulfides, 
and  thiosulfates  In  amraoniaoal  cobalt  solutions  have  been  stud¬ 
ied  at  the  dropping  mercury  electrode.  The  ability  of  a  mer¬ 
captan  to  "ive  a  C'-'talytlc  v;ave  depends  largely  on  the  struct¬ 
ure  of  the  mercaptan  and  -in  the  kind  and  number  of  functional 
groups  ,  such  as  amino  nr  carbox  I  groups.  Dlsu'fides  are  re¬ 
duced  at  the  electrode  and  also  ■■•ve  catalytic  waves,  the  height 
of  -fnich  depends  on  t'u:  u  ’.tv.re  of  the  mercaptan  ri”' i^^ced  at  the 
electrode,  H-arninoethanetii losu;  furic  acid  is  also  reduced  at 
the  droppl.i  cit^ctrede  and  th'  height  of  its  catalytic  wave  is 
the  same  as  that  of  mercaptoethyl3.raine,  which  is  one  of  the  reduct¬ 
ion  jtroducts  of  the  ?-aminoethanethiosulfurlc  acid.  It  a  co¬ 
balt  concentration  less  than  1©“^  M  the  height  of  the  catalytic 
peak  is  almost  proportional  to  the  cobalt  concentration.  Var¬ 
iation  of  the  a.nraonia  and  ammonium  chloride  concentrations  in¬ 
dicate  that  tue  highest  cata’-ytlc  peaks  can  be  obtained  with  a 
buffer  vfhlch  is  0,1  M  in  both  ammoni.;  and  ammonium  chloride. 

The  presence  of  metal  ions  ouch  as  mercury,  copper  and  silver  in 
the  solution  decreases  the  height  of  the  peaks,  the  effect  being 
most  pironounced  for  silver.  Catalytic  vraves  are,  <  also  obser¬ 
ved  in  a  medium  containing  755^  ethyl  alcohol.  These  observa¬ 
tions  suppori.  the  assumption  that  tlie  catalytic  peaks  are 
rather  the  result  of  an  excesoive  cobalt  deposition  than  that  of 
hydrogen  evolution  at  the  electrode. 
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B)  Significance  of  Results 

In  order  to  understand  the  mechanism  of  action  of  antl- 
radiatlon  drugs  it  is  necessary  to  study  first  some  of  the  phys¬ 
ical  chemlc'il  prope’-'ties  of  these  compounds.  These  properties 
can  then  be  compared  with  the  prophylactic  activities  of  these 
drugs. 

With  this  aim  in  mind  the  polarographic  studies  of  several 
antiradiation  drugs  have  been  performed  and  it  vras  found  that 
although  the  mercaptans  behave  alike  a  remarkable  difference 
exists  In  the  polarography  of  their  disulfides. 

Since  the  action  of  these  drugs  may  be  affected  by  their  re¬ 
action  with  biologically  important  trace  metals,  a  study  of  the 
interaction  of  such  metals  with  mercaptan  vras  initiated  with  the 
copper  mercaptan  system.  Studies  of  mercaptan-mercury  systems 
resulted  In  the  development  of  a  rapid  and  accurate  method  for 
the  quantitative  determination  of  mercaptans  and  disulfides. 

The  catalytic  mercaptan  wav  s  were  studied  for  two  reasons. 
Under  favorable  oxoerimental  conditions  these  waves  can  be 
applied  to  the  quantitative  determin'.tion  of  traces  of  mercaptans, 
disulfides,  and  thiosulfates.  Still  more  important  is  the 
application  of  the  catalytic  raves  to  studies  on  the  interaction 
between  radiation  protective  drugs  and  proteins  which  also  give 
catalytic  waves.  This  may  be  best  illustrated  by  an  example. 
Preliminary  experiments  on  the  ultraviolet  irradiation  of  cry¬ 
stallized  horse  serum  albumin  indicated  that  the  cata  lytic 
vmves  of  this  .^otein  rao-rlcedly  drc’ease  and  oven  disappear  upon 
prolon  -ed  ultraviolet  irradiation,  'Then  albvimin  is  irradiated  in 
the  presence  of  mercaptoethylguanldine ,  vb.iicb  does  not  give  cat¬ 
alytic  waves  nt  th(j  concentratlirno  used,  tb'.j  hoi  jut  of  bho  cat¬ 
alytic  aibundn  a'.vc  ron.ains  unchanged  upon  irradiation.  This 


68 


seems  to  Indlo^te  that  niercaptoethj''l;i;uanicliae  precludes  denat- 
uratlon  of  albumin  through  ultraviolet  irradiation.  Catalytic 
■'.'Taves  thus  represent  a  new  approach  to  the  study  of  denaturation 
problems. 
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